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FORCE BALANCE ALLOCATION MODEL

A. OVERVIEW

This report summarizes work sponsored by the Defense Nuclear Agency to

provide the Studies, Analysis, and Gaming Agency (SAGA) with an improved

stand-alone capability to perform force balance allocation analyses.

System Planning Corporation (SPC) supplied this capability by developing

computer software, implemented on a TEKTRONIX 4051, that calculates damage

caused to targets in a database by an arsenal of weapons. The computer

listing for the TEKTRONIX software is included as Appendix A to this

report.

The software developed under this contract utilizes the Beginner's

4.. All-Purpose Symbolic Instruction Code (BASIC) computer programming lan-

"guage. This language was chosen by SAGA. Among its advantages, BASIC

affords the user increased portability among microcomputers that are not

dissimilar to the TEKTRONIX 4051.

The software design, development, and implementation effort produced a

sequential allocator program that incorporates existing nonautomated pro-

cedures as well as existing probability-of-damage calculation (PD CALC) and

damage expectancy calculation (DE CALC) programs. SAGA supplied the latter

programs to SPC. SPC modified them to a BASIC subroutine format for imple-

mentation on the TEKTRONIX 4051.

Section B describes the target and weapon databases. Section C out-

lines the allocation methodology on which the computer programs are based.

Section D discusses the algorithm and data structures. Section F describes

" user information. Appendices A and B contain computer listings for the

p programs designed and developed by SPC. Appendices C and D consist of
materials provided by SAGA.
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B. DATA DESCRIPTIONS

1. Target Database

The targets are aggregated into classes, each of which is character-

ized by the number of targets within the class, target radius, and hardness

(VNTK). Additionally, goal attributes associated with each class describe

the level and type of damage expectancy to be achieved. For the installa-

tion damage expectancy (IDE) goal type, the required damage level applies

to each target in the class. For the mean installation damage expectancy

(MIDE) goal type, the required damage level applies to the class as a

whole.

The target classes are organized in five groups (called objectives):

strategic nuclear threat, theater nuclear forces, leadership, conventional,

and industry. Within each objective, target classes are further organized

into priority groups to distinguish two priority types: time urgent and

time critical targets.

2. Arsenal Database

The nuclear-weapon arsenal consists of various weapon systems speci-

fied by their number; explosive yield; accuracy, measured as circular error

probable (CEP); arrival probability (both generated and day-to-day); and

- type (missile or bomber).

"* C. ALLOCATION METHODOLOGY DESCRIPTION

The methodology consists of two phases. In the first phase, a damage

expectancy (DE) matrix is formed by computing the effect of each type of

weapon on every target class in the data base. In phase two, the weapons

are allocated against targets.

The nuclear arsenal is allocated against targets sequentially by oh-

ictives according to procedures developed at SAGA. An example of one

,3,ocedure is described in a SAGA report included as Appendix D.

4* -. N . . -. -
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The procedure incorporates various decision and selection rules. Some

of these rules are explicit, such as a weapon-selection priority rule,

whereas some are implicit. For example, an implicit rule is imposed on the

allocation scheme by ordering within the target database (e.g., leadership

targets precede the industry targets). As an example of an explicit rule,

first weapons within an objective group are allocated to all classes, and a

second weapon is then applied where necessary to resolve goal shortfalls

(if any occur) before moving on to the next objective. Figure 1 represents

the allocation system flow diagram.

D. SEQUENTIAL ALGORITHM LOGIC

1. Program Overview

The BASIC computer programs, implemented on SAGA's TEKTRONIX computer,

comprise three modules: the DE subroutines ("DAMAGE"), the allocator

("ALLOCATE"), and the driver module. TEKTRONIX computer listings appear in

Appendix A. Constraints imposed by the TEKTRONIX BASIC interpreter make

line-by-line annotation, mnemonic-name selection, and structured-cc.1trol

constructs (such as IF...THEN...ELSE) difficult. Moreover, to conform to

TEKTRONIX memory and execution-time constraints and also to provide the

model as much capacity as possible (i.e., number of target classes per

objective and weapon types), the internal annotation was held to a minimum.

The programs that SPC developed follow the SAGA methodology, described

in Appendix D, as modified by several extensive reviews of preliminary

designs and flow diagrams with SAGA. The logic agreed upon follows the

descriptions in Appendix D with the following exceptions:

* Strict compliance to DE goals is required.

* No more than two weapons per target are allocated.

* The number of second weapons required to meet MIDE shortfalls is
computed by an exact, integer solution instead of the continuous,
logarithmic approximation.

Pursuant to direction by SAGA personnel, the term "time critical" is used

in lieu of "non-time urgent" found in Appendix D.

"•'" 5
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.I Fully documented versions of the BASIC programs appear in Appendix B.

These programs, prepared and run on an IBM Personal Computer, played dual

roles in the design and development of the TEKTRONIX programs: they not

only validated the decision logic but also served as the "program design

languaqe" for the force balance model.

The following sections describe the data and algorithm structures used

to implement the model and include programmer's notes. U
2. Damage Expectancy Calculation

Weapon system DE against a target, defined as the product of arrival

probability and destruction probability, is comptuted during the first phase

of the methodology described earlier. The computer program, called DAMAGE,

was prepared by consolidating two existing programs--listed in Appendix C--

and modifying them to produce and format data needed in the second phase.

Although no documentation, apart from these computer listings, was avail-

able to explain the algorithms used, they appear to conform to other pro-

grams in use at SAGA.

DAMAGE was validated to compute the same results as PD CALC and

DE CALC by comparing them to various test cases. No algorithms in the

original were altered or modified in any substantive way; however, portions

of structurally "dead" code (such as BASIC lines 3200-3290 in DE CALC) and

unreferenced variables were identified and removed.

The main component in DAMAGE initializes data tables, reads weapon-

system and target data from data files, and prepares the DE matrix. Seven

subroutines that support the computations perform the functions listed in

Table 1. The BASIC line numbers are provided as a cross-reference to theI TEKTRONIX listing in Appendix A.

,7
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TABLE 1. DAMAGE SUBROUTINES

BASIC Line Numbers

Function (Appendix A)

Interpret VNTK input 1510-1625

Prepare and write DE matrix 1630-1745

Compute DE 1750- 1855

Compute weapon radius 1860-1930

Compute optimum burst height 1935-1965
(air-burst assumption)

Compute destruction probability 1975-2055

Sort DE matrix entries 2060-2110 q

3. Data Structure Descriptions

Because of TEKTRONIX memory constraints, the force balance allocator

was designcd to accommodate up to 20 weapon systems and 80 target classes

within each objective. In addition, to conserve computer memory and

accommodate output-table requirements, several packed data structures were

used in the model. Communication between the two automated phases (and

consequently, modules DAMAGE and ALLOCATE) occurs through data files. The

data files will be described later.

Important variables in the allocation model are:

T (,) This 80-target by 20-weapon DE table contains DEs
ordered within each row into two halves and sorted
within each half by increasing DE. The left half
refers to the missile weapons, the right half to
bomber weapons. In phase one, DAMAGE computes the
DE of every weapon-type applied to each target
CLASS. The weapon-type index and the DE against
target CLASS is encoded into row CLASS in array
T(,) in the form "vx.yz," where "vx" is the two-
digit-integer weapon index and ".yz" is the damage
expectancy. After first weapon allocation in phase
two, T(,) encodes the number of weapons of given
type applied as "stuvx.yz," where "stu" is the num-
ber of weapons applied of type "vx" with DE of

"yz.

8



W (This 20-element array describes the number of

weapons (remaining) in the arsenal.

G ( ) This 80-element packed array describes target
goals. The fractional two-digit part is the
moderate DE-level sought. The integer four-digit
part encodes goal type as the high order digit
(critical MIDE as 1, critical IDE as 2, time urgent
MIDE as 3, and time urgent IDE as 4). The second
highest digit is 0, 1, or 2, depending on whether
coverage or moderate or high goals are sought. The
"remaining two digits are the high DE-level sought,
expressed as a percent.

D ( ) This 80-element array represents the total goal
deficit for each class. For an MIDE class, DE
"points" are defined as the product of the DE level
sought and the number of targets in the class.
Then for MIDE targets, D ( ) is the number of DE
points that remain to be achieved, expressed as a
negative number. For IDE targets, D ( ) is the
number of targets that have not been damaged to the
specified level, also expressed as a negative
number.

A ( ) This array implements a data stack (with stack-
pointer AO) of packed, second-weapon allocations.
The entries are of the form "stuvx.yz." The three.• high-order digits "stu" represent the number of
type "vx" weapons compounded with first weapon type

"yz" applied to a target class.

N ( ) This 80-element array contains the number of tar-
gets in any class.

4. Allocation Program Logic

Wi The PLLOCATF programs consist of 15 subroutines with functions that

are listed in Table 2. The BASIC line numbers refer to the TEKTRONIX com-

puter listing in Appendix A. The names are provided to guide cross-

"referencing to the annotated listing in Appendix B. The annotated listing

describes the decision logic; for example, "ALLOCi" describes first weapon

selection and "ADD" describes second-weapon selection scanning.

For the first weapon, ALLOCI allocates the lowest DE weapon that meets

the goal. If ,io available weapon meets the goal, the highest DE weapon

available is allocated. Time urgent targets get missile weapons, whereas

time critical targets get bomber weapons.

S.'.
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ADD selects bomber weapons as the second weapon. For MIDE targets, it

selects the highest DE weapons available. Otherwise, it selects the lowest

DE weapon which, when compounded with the first weapon, meets the DE goal.

If such a second weapon is not found, the highest DE weapon available is

selected.

The allocation program logic incorporates several features that were

suggested by SAGA personnel after review of earlier versions of the pro-

gram. It also has many features designed t.o provide flexibility to accom-

modate change. The decomposition into phases and program block structure

allows the user to insert additional decision rules; for example, after all

time urgent target requirements are met, missile weapons could be used as

second weapons.

Besides goal attainment, a coverage methodology could be employed that

would allocate one weapon for each target, selecting the highest DE weapon

remaining in the arsenal to be applied next.

E. USER INFORMATION

This section describes file organization and program execution. Pro-

gram execution is conducted via TEKTRONIX BASIC drivers that access three

user-created files of BASIC DATA statements saved as disk files. Phase one

requires two user-prepared files: ARSENAL, describing weapon-systems, and

TGT.DB, describing the target database. Phase two requires the file

INVENTORY, which provides the quantities of each weapon type available for

allocation. Communication between the two automated phases (i.e., passing

the DE matrix) occurs via file DE.TBLE created hy DAMAGE in phase one and

accessed by ALLOCATE during phase two. DE.TBLE records the data structure

T (,) described in the previous seci 4 on. The BASIC drivers (called

"PHASEl" and "PHASE2") use the dirc- c)mmands APPEND and DELETE.

The number of classes cannot be greater than 80 (per objective), and

the number of weapon-systems cannot exceed 20. If more computer memory is

available, this restriction can be removed.

10
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TABLE 2. ALLOCATE SUBROUTINES

BASIC line numbers
Name* Function (Appendi x A)

nata declaration and program 1000-1115

control

Input weapon inventory 1120-1205

Input DEs for classes within 1210-1265
an objective

ALLOCI Allocate first weapon 1270-1345

DEGOAL Unpack goal levels and types 1350-1440

SCAN(r) Scan right in DE table 1445-1580
* (first weapon)

SCAN(l) Scan left in DE table 1585..1695
(first weapon)

HOWMNY Determine how many weapons 1700-1750
of given DE fill need

APPLY Apply first weapon 1755-1830

ALLOC2 Determine if shortfall exists 1835-1925
(needs second weapon)

- ADD Try to atLain goal by second 1930-2065
weaponI SCANLF Scan left in DE table 2070-2175
"(second weapon)

APPLY2 Apply second weapon 2180-2255
"SCANRT Scan right in DE table 2260-2390

i(second weapon)
REPORT Display results 2395-2525

*Cross-reference to annotated listing.

'4.
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1. Target Database

BASIC DATA statements beginning at line 4000, and saved as disk file

TGT.DB, contain the following information:

* Number of objectives

0 Number of classes ir, first objective
* First class: descriptor (six-character literal)

goal type (i.e., type 1, 2, 3, or 4)
VNTK (four-character literal)
radius (in feet)
number of targets
high-DE goal
moderate-DE goal

Second class: descriptor
goal type
VNTK

radius
number of targets
hlgh-DE goal
moderate-DE goal

* Last class (in first objective)
• Number of classes In second objective (followed by second

objective classes as shown above)

* Last class (in last objective).

An example of the file setup would be:

4000 DAlA 1
4005 DATA 4
4010 DATA "TGTI",4,"40P2",100,25,0.9,0.5
4015 DATA "TGT2",4,"38P5",100,73,0.5,0.5
"4020 DATA "TGT3",3,"51L4",100,300,0.7,0.5

* 4025 DATA "TGT4',3,"48P7",100,653,0.8,fl.8

As noted earlier, the goal type Is encoded as an integer: critical

M4Ifl 1.s 1, critical IDE as 2, time urgent MIDE as 3, and time urgent IDE

as 4.

12
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In addition, target hardness (vulnerability index VNTK) has the fol-

lowing restrictions:

0 The target type must he one of: L, M, N, 0, P, Q, R, S, T, U, X,or D, and

* VN cannot exceed four for X-type targets.

2. Arsenal Database

BASIC statements beginning at line 3000 (up to 3999), and saved as

disk file ARSENAL, contain the following:

* Number of missile weapon types

* First weapon: descriptor (six-character literal)yield (in kilotons)CEP (in feet)

generated-case arrival probability
day-to-day arrival probability

* Second weapon: descriptor
yield
CEP
generated-case arrival probability
day-to-day arrival probability

* Last missile weapon
* Number of bomber weapon types (followed by weapon parameters asshown above

* Last bomber weapon.

13
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An example of this file structure would be:

3000 DATA 5
3005 DATA "ici",200,750,0.88,0.88
3010 DATA "ic2",325,500,0.86,0.86
3015 DATA "sll",50,1000,0.81,0.81
3020 DATA "sl2",100,900,0.84,0.84
3025 DATA "sl3",350.500,0.88,n.8B8
3030 DATA 4
3035 DATA "bm ", 1000, 500,0.58,0.55
3040 DATA "bm2",250,1000,0.62,0.51
3045 DATA "bm3",750,500,0.8,0.75
3050 DATA "bm4",200,385,0.72,0.65

3. Inventory Database

BASIC statements beginning at line 3000, and saved as disk file

INVENTORY, contain the number of missile weapons, the quantities of each

missile weapon, the number of bomber weapons, and the quantities of each.

The following example shows the quantities of nine weapon systems,

five missile and four bomber types.

3000 DATA 5
3005 DATA 1000, 1000, 1500, 1000,500
3010 DATA 4
3015 DATA 1000,1000,1000,1000

4. Program Execution

After the data files are created and saved on the disk, the automated

first phase is executed by running the BASIC driver "PHASEI." This program

produces the DE matrix as screen output.

When phase one is completed, the second phase is executed by running

the BASIC driver "PHASE2." The program will call for user input to select

computation for "generated" or "day-to-day' cases and for damage goal

levels moderate, high, or coverage. (The program currently computes either

moderate or high goals specified. The coverage methodology is not imple-
mented. If coverage is specified, the program defaults to moderate level

goals.)

14
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The program produces weapon allocations for each target class (by

objectives) as screen output by displaying the modified DE matrix and the

second weapon allocation stack described earlier. The output format (as

well as the data structures described earlier) is modeled after existing

forms SAGA uses for manual sequential allocation.

Table 3 shows sample output for 25 IDE targets, using the data from

the previous section, after two rounds (i.e., the first and the second

weapon allocation), trying to achieve a DE of 0.90.

TABLE 3. IDE SAMPLE OUTPUT

First Round Second Round

3.15 3.15
4.28 4.28
1.S2 1.52 ,.

2.79 2.79
2505.81 2505.81

7.28 7.28"- 6.57 6.57

"9.6 8.6'
8.78 8.78

2508.05

The first round shows 25 time urgent IDE targets and a shortfall

(shown by -25) in meeting the DE goal. DE array elements (i.e., entries in

T (,)) corresponding to this class show the missile DEs applied to this I_

class followed by the bomber DEs in the packed format described earlier.
•, ~In particular, missile system three attains a DE of 0.15, four attains ..

" 0.2R, one attains 0.52, two attains 0.79, and five--the system applied to

,each target in the class--attains 0.81 per weapon on this target. Because

the goal (i.e., 0.90) is not met on any target, the shortfall on all

targets is indicated. The bomber weapons applied to this target class

achieve 0.28 from system seven, 0.57 from system six, 0.68 from system

nine, and 0.78 from system eight.

The second round shows 25 targets with "0" indicating that no short-

- fall remains. The DE matrix entries are repeated followed by second weapon

- 15
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allocation stack (the array A ( ) described earlier). The entry "2508.05"

indicates that 25 system eight weapons are compounded with 25 system five

weapons, which were applied in round one.

Table 4 illustrates output for the 653 MIDE targets against which 0.80

DE is sought. The fir round shows that 478 system two weapons (at 0.67

each) and 175 system five weapons (at 0.70 each) were applied against the

target class. The shortfall, expressed by the "-80," is resolved after the

second round by compounding 327 system eight and system two weapons. These

compound weapons, 151 type two and 175 type five wr3pons, achieve the MIDE

goal for this target class.

TABLE 4. MIDE SAMPLE OUTPUT

First round Second round
tu-mide 653 -80 tu-mide 653 0

3.07 3.07
4.15 4.15
1.35 1.35

47802.67 47802.67
17505.70 17505.70

7.18 7.18
6.55 6.55
9.59 9.59
8.74 8.74

-2708.02

16
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Appendix A c

TEKTRONIX COMPUTER ALLOCATOR MODEL LISTINGS a

"PHASEl" DE Driver .1

100 ''RINI 'L ALLUCA(E"
105 F-RlN! 'F'HASL 1V
106 MzMEmIUKY

1 10 A P'PEN V "LVAM A bGE l.;100 Q0 t,3
11t, APPEND 'AK •A.';CN O *;JU.
120 A•FltNL, " f - 1114 - 14 UUU.

121 RESIURE
12GbUSU 1000 

1

126 l-'klNl "F'HASL 1 COMrLEIE"
12R t'-SIURE
13b LVELLIE 100t,,6000
136 11&LkFE kL,1hEUI,4$,C5,L$,f$,hitX$,1$

13/ DELErE IJ,C/,JIM,LN,UIb,.2,tC,U,FV f,VS,K,JJ,LOLHu
1.38 DIo.Ef rL 4, 1 I, Y3,Y4,V1,vWRi, pyluy

1000 REM fAktGEf FUR AfFENDS•

3000 REM I ARUEf FUR AFP'-NDSb

4000 RFM I ANUCEf FUR AlP-ENDS

17
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A, "PHASE2" Allocation Driver

IOU AF'FLNL0 "aiiocate'•iiuuvv

1 10 Al-'L'NVI " nventorýý'" 3uvUp,5
12U ý,KINr "b-esi~r, Fhase •
130 (OUIs• I000
140 F'R~lNl *"-hase '") comr-ietel

1000 KL.H target for ar-er, c
30O00 kF1'M tarmet for ar-Fer,•

618
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"DAMAGE"

1000 REM ALIAPIAfIUN UF DýCA( C AN1' 1-T~ CALL ......... lUdiUL~ 198LI

1005 I*:M

1015 RE~M swstes Plarerint corp. v 1500~ wilsor, 'ived.
1020 RE~M arlirogtoris va. 222o9,~ ttelerhorne .'03-0I11-3621N l('2b ~~~M ~-AkEL) FUR JCS/SAUA/bFI~ FUR U5iE it! FVlWLE B~ALANLA.U(fdf

IU130 R
7
M

210.35 L'1M F(,r4),14(4Pl8)vL(492)
1040 111LM 11 (t,20).' (2U
1 04t; 111M 6 (6 ,)
IOSQ KLM SIIKINU VAK1ABLV SIZKS ...

1060 RIEM SEr CUNI&IAN( rAl3LES ... .CHR0dH LiNit 11/C(
I (W5 U(1)=1.0416/
1070 U2~.'b,
1075 L$='Lý1MHURSL)CUXV0

1080 kFM
lobto FUR JSl10 U
1090 F-URIm 110i 6
109b, K'AI) WlSi,J)
1100 NFXf 1

1110 VAI IA IV6:2:2, -3.2.3/, 2. 0//1 -1 .4-18~, v.4U348 -U. 04t;'66
I I I IIA IA 1 843 ,-3. 0N1-165vI. 736 -1 .06.3t .Q28,35,' -u. 0-8466

11.20 VA IA 1. 80,-2.8:j P1 .2-'93t1-0. 6.232.0. 139'8 -0. ul1612

11145 10f

1 ~~~~1139 ViA IA I. 6Y84 9-2.3264 90. 4f~Ub,-0. le~0,. V.Xý204 -0.uuujj

1140 FU JJ U
1145 PU 1=1 W0 /
1200 READ~ J=1(0 1

12151 NEX-I I

11245 ['A IFA 45',0 99 14,Q 11 lbt26, -34 9 2:' ,162-5 -6:638. -/~ 7tl 32.-9 /*

1140 ['A (A - .01/6,L-01P.001069-U.04// -/.YO8 _ 4. - 0.4- v.!.3/,8t,-.'
1245^ DA (A -54. 2IE1rt,. /.56L-Y.8. /83 r-v.1I$69t,-(,00.511,y-2. 086E2..S-4.1
12180 VEA fA Y/. Y,-6 t 1 .8-25.3/.-O.I 63. -O* . 046,P-Q. 112,-65. tL-t.3

128! 0 NEXF 2

1290 L'A I A -'. t;//, - 1.2.4 1?6,. Y0; 2,-.68Ut- .812 t.0 1,- t 8

1295 DAI
130ý;0 1Af -~ UN7.UWH6I 513.h 21 r -25~. 31 FLL -0.C' UU3 -Q .4vj -. -0.)4t
I 1bb 113A00.t 135 1,SLN -~0. /6Y I, L~kU Q.3 t 1.3 .11 , t ~ i IN. t -0.I L[;0 11 t,2 0 UY

I3( 26o - (0 A . t 4' N0.-1UU 1, U. 4fJ1 /, I 12,L ;6 OA1.6

I 26t, R9

I- Z /1 U J4



"DAMAGE" (cont.)

1320 REM $***3$**********************S82***************
132•5 REM UEr WEAPON DAfA
1330 REM
1340 k F.M NU. UkIJrN F/YIEI.klvCkPWA-6 OI)PPA-V~LI (V ...
1.545 READ UO
1350 FUR J-1 fU UO

135b RA) Wtpll(1,J(J)pV(2vJ),vI(3,J)P,(4,J)
1360 NXrf J
1365 REM
1370 REM SAMPK FOR CU RI ICILAt.

V137/5 Nk.Al) 1(0
1380 I-Uk J=1 1u 10
13b5 JI-J+U0
1390 HEAD W$,,(1eJ1),i(Z,J),03,J1),D(4,JI
1395 NEXr J

1400 RF.M PELEfE SUOtbOUQ
1405 WO=U0Q+0
1410( RHM
1415 REM MAIN PROCESS LOOt);- •*****************:*t*********
1420 UPEN 'DE.TBLE';.SrIv,AS
1430 REM
1435 RVAll Ul
1440 F'KiNt *s:UI
1441 PRINT U0
144b FUR U-1 WU 01

1450 ElAD Li
1455 PRINf *j:Ci
1456 P'-INI LI

1460 FUR Lz fU TOl
1 46t) kEAD f$,MP$,ZN,~lvU2
1470 (;U!UB 1515
14/5 UUSUP 175.0
148O UUNUP 1630

1485 NEXf L
1490 NEXf U
1492 CLUSE J

1495 kf tURN
1500 REM
150t Rt-m
1510 NJ'.h SU~kUUflNW lU IN;iVkP<F~f VWfK IN•Uf"
151!) $SG($LN•$ -!I

1520 PF-f'US(L$,Z$uI)

1525 IF P IHNN 1540
1530 PRINf 'fYPE MUST VL LM,N,NU,#F'UNb5, f,U,XUi
1535 s fOP*

1540 X$-SEU( ru I ,LEN (a$) -2)
154t) VlVAL(XI)
1550 IF F',,6 UK F-12 AND V•57 UJR (F"-I AN) ._tI) FHDNI 15/0
1555 IF P=11 AND V>O AND) V-'4 fHfCN 1580
1560 PRINf 'VN IS UU0 UV RANGE FI- U ur T rFY'c
1565 10UP
1570 IF F-'1-I fHEN 1b8O
1575 P-tF
1580 $=0,110,

158' imp2
15Y0 IF F-I1 [HEN 1620

1595 IF F. ..6 fHE 160t
1600 s-vb-U.-t
J605; $-"SEU•(VILEN(14$),I)
1610 K='UAl. (CS)

vc ~ 161%l kIc fOR1

% 1620 K-0
1 NJ K rURN

20



'S "DAMAGE" (cant.)

1630 KLM SU~kUUf(LN rofU I ANit WKI fE IAKLE
1635 FUk Jj=1 lu WJO
1640 LI(btJJ)-JJfL1(t~vJJ)
164b NF~Xr A
16b0 LOnl

5 1655 Ll.UO '

-'1660 UUSUP 2060
1665 LO-UO+1
16/0 Ll-UO+k4O
1675 bUSUO 2060
1660 PRI N f #3: r#

s 1681 1-KINr 03:kt$
"S1692 PII~Nf 93:N
1683 P'1N r #J: M* I .(+ INrf(UI#low +U-,
1684 PRIN)~ I S;VSI N;M* 100+ 1N (61 *100) +U2

1715 IUR J31 Il W o
1720O PKINF #4: USING /U ~ )%J~
1721 F4k1tdC USIN~iU2I(5Ja
1725 IMAUE .Sd.2d
1730 NI-XF jJ
174t) KIU*RN

2:: 1750 REMI SU4R0UUI1NL 10 CUM9PUIV liES
1755b H0z1
1760 .11-1
1765 14-1
1770 IF ''.ý6 IMEN 118(0
1775 14-2
1 780 18=10*S

'S.1785 REM LUOF' U14 JS

'S1800 IF 11l fNIKN 1815
180to UUliUH 1860
1810 (iOSU8 1'93
1915 J4-JA

.5.1820 Jti-X
182~, GLSUH lydo
1930 1; (to 9JJ) P* V( 3, J3

1835 Z$=SLU(LS~ftl)
1840 REMl FkINf VA: USINU 10tp:VISIK.VlplI(J3).i)(2,J4).L
1845 REM PRHXNF VA: USINU 4bO:H(.)WF~vc3.JPJs.Iu
1850 NiEXt ii
1955 RErURH
1860 REMl SU$EUU;INE WO LUIIFU(E WEAF'UU KAIJIUS
1865 Y4=1/'14
18/0 Y1=V
1875 IF K-U (HFN 1190)
1880 J-ýY#14-'V+9
1885 VI=V+N(1,J)+Y4*(14(2,J)+Y4#(8C.A.J)4Y4*B(4,J))
1890 J.-*14+2

1895 I1:*(Y.J)
1900 FURc 1=6 tO 1 StEP -1

1910 NUX) I
191b w'YS*EXF`(W)
1920 W:'W/(U(14)*(1-S-2))
1925 kElUEN
1930 REMl

21



"DAMAGE" (cont.)

1935 k-M SUKUOfOINt" rU LUmpUrE UPfIMUM HUIk
1940 1F 14-1 UR VI: •15 fH-N 1,i55
1945 HO=i661*XP(-O.6iiýbVlI,'

q1950 (0 10 1960
1915 HO.EXt'((1i,14)+Vi1(E(2,14)4Vi*(-(3,14)+VIkE(4,14))))
1960 HO=YS.HO
1965 R fURHN
1970 NLM
1975 K-M SUeK'UUIINL N U LWtI MPOIU LF Lt
1980 I-F 11(2tJ4) IHFN IYY1
19h•b P-'

1990 RK fU(N
1995 KIrW/,StKLV(2,J4)-2tC/Z, 2)
2000 IF !=0.1 ANO NI 3 tHF-N 19d85

2005 IF 5=0.2 AN' Ni S.• (HiMN 1Y9W

2010 iF b=U.3 ANU KI. 4.5 (HEN 198I
201, iF 5=Q,4 ANDi •i 6 (HkN 1985
202o iF" S-0., AN), NI'1: IHEN 1985

2025 1F 1i .1 (HEN 2U40
I. 2030 v'=0

20,5 KNY COUR1
4 ~~~2040 F'i((.1)~t(,1)

2045 F-Y-0(1,18)+KI*(U(2,18)+Ki*W3tk,5,i)+K1(6U(4. 18)4F')))
20N0 PLEXF'(-LXFP(k'))

2055 Rk'EURN
2060 hKrM subroutine to oronr it. tab•p

- 2065 IF L1-L0<O 1HEN 2110
"20/0 tON I=L0+I WU LI

"" 20/5 (UN J-LO 1U 1
* 200 i N'(1,,1)-INI(ii(5,J)):1(,JJ)-INF(11(tJ?) IHF. N 2100

*85 20 Y,*L ) (t- J)
:2090 )I(5.J)=l(5,j )

2095 1'(tn ) = V
2100 N-XI
2105 NEXt j
2110 NK UKRN

l2115 REM P-KUUKAM FOU ut/F'il L•ONLLUOLOL L
2'12 0 ki'M k'F.fUNN SfAft•hk:Nf IN MAIN V'*UCL•F_ LUUF"

30,. REM I AKUN I F -U A''ENO
4000 REM target tor aprp-en•d

422

-47• % , - , • % - .. - . . - . - % -_ ,. -, . . ._ ._- -, % . . . .= - . - - . . -22.',
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"ALLOCATE"

1000 RE<M allocation Program ................. sertemher IY82 %

1005 REM ............... ............
1010 REM Preared bw 1r. itetr,' Shrier
1015 RkM Sistem Planrr,ing Cormoratior,, 1500 Wxi.sor- kqvd.

k• ~~~1020 REM' Arlingtor,. Va. '1.22Y, (0)8132
\,• ~~~1025 KF-M ..... ................. . . . . . ..

J% 1 0 kEM ..... o. V.. ... .. ..... ... .... .... ",

:1040 IIM (80,20),A(2L) U(8),U(8)W(2L'),N(

N 104.# DIM A$(300),kS(1)
1050 VRINC 'end of deciaratiors*

100ot U014 112101060 2U 3 U=1 WU9 1
1065 NU•US 12110
10740 DUR C=1 (U L1 .4

1095 0USOe 1845•'-; 1080' bUS;Ue -'.,y!
", 108b NFA× f U

I'" OYO -Uk L=1 W0 U1

1OYb (UOSUP 104b
1100 0U0U50 2395j
1105 NEXU C(

1110 NEXI U
111t, R- fURN
1120 kFM subroutine to iirut tolies a•rd weaor, ir,vertorv ,
1125 9I1Nf (Itd-O or dtd-1 (Itd ovcrride)l
11I0 1NFUf( R$
113t PRINt *degoal cov-O', sod-I, or hi-2'
1140 1NVU; I PI
1145 KEM echo here
""150 KEAI.1 UO
1155 FUk J=i fW UO
1160 kEAD W(J)
1168 NEXI J
11/0 READ' 10

lIBU REAL) W(.J+LUO)

11b85 NFAf j
1190 WOfUO+kO
1IYt, UFkN 'de.tb~e';1,'r*,A$

1200 IN1'U( #0lU1e. 1205 RLTURN

1210 KRI- subrouJtinre to xr,v-'jt des trr c.,asses withir, ob.dectiveI. 121.5 £NF'Ul @lect
1220 FUk (1' f•l CLUI-
1225 INPU, fI:.f$
1226 INF'Ui W1PO
1230 INWUI 1N(C)
12 1235 INP'Ur #I:(L) -

1240 1Uk J=1 (U WO ..
1245 INUI 91 # F ,(UJ _
1251 N10 NLXI J1 2b! NFXf (F Li

1260 .LUS: I

1265 kI- OlN

23
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"ALLOCATE" (cont.)

1220 kLM ............................. ........................
1275 REM

1280 REM Subroutine aiioci--31iocatC first wczpon
1"'285 AO=0
1290 OUbUUi 1350
1295 REM
1300 1F3=1
130b IF V.3=0 1HEN 1340
1310 UUSIJ$ 1445,
1315 It- Jo=0 [HEN 1430

132Q0 UUSUB 1/60
1325 0•0 fO 1335
1330 Ps0
1335 vii rO 130o
1340 HLM while-end (1430)
1345 kL LUHN
1350 REM .. ........................... ........................
1 355 REM subroatirne desoal -- unr-ac1 gals arid categorie. for1.460 HEM categories (tu/crit and ida/wade) <-> flags 11 er'j f2

1365 GO0=Nr(INI ((C))/100)
1370 UK1s001 OH jO23J
1375 HEM flag for (M)ide set. nraw set urgert/critical flag f2

*1300 F2r-'0,=•>4

1385 UU=B(L)/100-b0
1390 HkMswitch hl for level goals was read it. earlier
1395 r 1HI=2 !HEN 1410
1400 0-U(r)-i1HI (0("))
1405 UU 1U 1415
1410 UO-lN f ([UO*100) /100
1415t NU-N (L).
14Z0 Iý FI=0 1HLN 14Zt5

1425 VL(C ) -- N0*UO
1440 bU 1U 1440

14Jb U(C)--NO
1440 HIIURN
1445 H. M...................... ... . .............
1450 HEM subroutine scan(r) -- for irst weapon
1455 tEM' - scanr,ins to the right irn the do table. JO hstrks table
1460 REM eh'.sern; select first weapon that omeets 'Per wirn de n
1465 JO=0

14/0 L0=1
14/5 LIUO
1480 I k2 IHEN 1495
14W5 LO=UO+1
1490 L1=U0+I0
1495 J=LO
1500 1 :1 J:lOH J400 IHE.N 16t5
1505 Ilsf(LJ)
1510 U1=I1-INF(Ii)
151b if 0•1<00 (HFN 155
1520 Jl=INF(lOO*(I1/100-INf((/IfUl)))
1525 IF W(JI)=O IHF.N 1550
1540 JQrJ
1535 X=v1
1540 Y=N0
1545 UUSUb 1/05
1550 Hý.M
1 to155 J=J41
1560 00U I0 isoo
1565 HEM whi.'e-erd (1635)
15/0 I J0>-0 fHEN 1560
1575 UUSkUf 1iSV0
1 5b RE I UR14

24
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-I;

"ALLOCATE" (cont.)

15t K:. ..........................................
159Y kEM subroutire scar(L) twr first w capor, . .
1595 REM %war 10 and 11
1600 LY=LO
160b LO=L ..
1610 LIýLV "1
1615 J=LO
1620 IF J=O UW JO>'O MHEN 1680
1625 Ilf(LJ)16.50 J =N 1U( I IG I f!/U ) )•
3.635 IF W(JI)=U (HEN 16,O0

1640 JQ=J
1645• U1 -f-I N1( I""H 1650 X=61
16,5,5 Y=NO
1660 bUUSk4 i;Qt
166t, k 1M
1670 J=J-1
16/5 UO 10 162U
160 kbfLM while-erd (1440)
1685 ,LM16Yo F(F-' UI • '.'
1,6y k• m ............................... . . ................. .
1/00 kvm ..

1705 ILM.

1710 I;:M saJbroutinre howmr, w -- arsls ;.(wf-r, de) and w(wvwr, stock

1720 MINr(AHS(tI(C)))/X+1)
- 17'ý, t IF M<(.=Y fHl-.N 1136•.

1730 M=Y1735 it': M=W(J1) fHLN 1/41,"

1/40, M=W(AI)

175RL I URIN
1750 kl t .. ........ 4............................................."

1760 K'M
1765 HkM subrouJtxroe a ri'w -- first weaFor.
17/0 W(Jl)=W(J1)-M
1775 NO=NU-M

I,,

1/85b kfM $3 set true if mwore tats roralr, ir, class
I a1770 F'3N0;U

1 7Yto k F.M

1800 II FV IHIVN 1820
180 1IF bUO;1U1 IHVN 1830

i81b UU ro 1930o
18210 iI(L)-I(C)+M*X

--" 1825 V.4=mi(U), v ANIN NO U
- 18J0 HkfU5kN

of 25
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"ALLOCATE" (cont.)

4, '4

" 1 35 '.M ....................... ........... .......... ......................
- 1940 kI~m

184ti Kk-M
1850 KEM subroutine aioc2 -- shorttail to goal, .. r,eeds 2rrj wpr

1860 IF 1DL()=•0 IHIiN 19Y-0
1865 V =U (C)
180 uuIUl 15.lt,()
1875 kEk.#

188b L0=1
1890 LI=UOS189 IF" F2 MHEN 1910Y
"1900 LU=UO+-

S190ýj L I =U(J+bU
S1910 GusUlý 193t,.'

1920 kE!UKN
192b kLM.M .....................................................
1930 REM
1935 KFM
1940 KLM $jbroutxre sdd -- trv to achieve LIE Soals
19Y45 KLO
19-.,0 F1-3=

1955 IF K',.L1 IHN 20'1U60
1960 11=f(,LP)
1965 61=fl-INfrfl)
19/U KO-K
19/5 hl-INI(l00*(1l/100-iNf(fl/Ilt•)))

19T8 IF0 11 IHEN 1990
* lb5 FI4•=L i-.00
1990 N1=1Nf(fNf(1)/100)l
1995 i1 NI10 UOk 3=0 fHK-N 2045
2000 It F1 MHIAN 2015
200i UW0WU 22,70
2010 UU fU 2010
201' bUSUk 208;u

20':0 I J0.>- IH1-.N 2o3,
2025 J-4="
2030 UU W 2'j4b
-120.5 UUsukl 2175
2040 uUI U 195-"
2045 kLM whil e-erd (.155)
2050 K=K+I
2055 U l( 'U ly195
2060 kLM whli-erad (J12/)'
2065 kL I UKi'

26
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"ALLOCATE" (cont.)

"'20/'0 R M... ......................................................

2 0/5 NFM
206(0 kEM s'sbroutiree scarml -- secornd wcar-or,
208S JO=0
'2090 LS=Uo+Vo

2095 L4=U041
2100 Jt.L

4210b 1ý JA 4 Uk J0>0 o-MEN 216tj
ý21 10 1 :l=I(LJ)
211t JI-=INf I1U0*( f.','IUO-IN( 2/N 0)
212'0 IF W(J1)--Q IHEN 215
I2125 JO=J

•~ ~ -1, QI• O:=fý!-INI t I.,
. 2140 Y=Nl

21 ,UUSUI 1 /US
2150 LEM"215', JrJ-!
2160 Ut' W0 2101 o
2165 I •M while-enrd (JJt 0)
"21 /0 kW fUkN

""' 21 0/5 kR M ............. ........................................

"2185t RtM subrostxr,. ar -- wcar-or,
21y0 W(J1)=W(Jl,-, -i 2195, NI=NIJ-M

"2200 AO=Ao+1
220t A(AO)-M*lo+J1 +Kl/Ioo
"2110 Iý 1 IHN 2230-2

t ' 60 (U 224+X .H-N 2245
S2 -2''0 If ( L) =rV ( L ) +M222t GU 1O 2124b
"ý 22 ¢ -i C oV. L L, = ( U ) + Pj x

2240 KEM
'24' N0H04UM

22250 fr=NO 0 AN:' 3•, ~. 225,,-,F:. L Uk'N

,27
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"ALLOCATE" (cont.)

2260 RE:M .....................................................

2265 REM
22:C0 REM subroutine scanrt -- second weapor. j
2275 REML
22U0 JO"- 0
22B5 LO=UO+1

*22Y0 LI-UO+itu
2295 J=LO
2300 IF J>Ll uR Jo>v fe*'N m 20
230h 12=f(CJ)
2310 JI=1Nr(102(,2/IOO-NII(f:"/IO)))
231 t G2=f2-INf(f2)
"2320 X=U2-01 *02
2325 IF (31+X<b0 IHFN 2360

% ý2330 IF W(JI)>U IHEN 23,Jt5
"" 233t JO=J

2340 Y=N1 ,
2345 UU5UI 10t,
23t0 REM1
235t0 ki
2360 J=J+l

4 236ti 6U fU 230.
2370 REM white-erd (jY/:4Lj)
237t ItF JO;O (HEN 2JUL.
231:0 UUSUV 2"0QU
n23fb R.I UR.RN
23 0 HEM ........... ............... .............................
2JY5 iREM subroutir,e rerort
2400 UU FU XNr(U(C)/100) UF 2400,2415,242b,2435"
2405 C's cr-mide,
2410 GO FU 2440
2415 $S'.cr-ide'
2420 IJU 10l 144UJ,
24ý15 •$=* tu-o.,ide-
2430 UU 10 2440

•45C$=" tuJIde* "0440 REV 44

244o F'RINf c$;
2450 IkINl U1N6 2455:N(L!);U(I.);
24t00 IMAUF 6d,-6d
2460 FOR J1l fU WO-V
2461- 'ISINi UsINU 24/0: U(C,J);

24/0 IMAoU. /d.' 2dN4l5 NhX( J

2480 h'KINI USINu 24/0:(f(C,WO)
24eb 11 A0Q= IHLN tj'2U
249O F'INI USiN. 24Yb;•
2495 IMAtE 20x
2500 FUk J12 fU AO
250p I'RINI USINU 24/0:A(J)l
2510 NWX1 J
2515 t'RIN (
2520 kErU#<N
25ý.,t kFM ................................ ,.....................

.4000 kl-M tar-9pt for a-per;d e
J00to NEM target for a,-pernd
3010 kIM target for ar-perd
4000 kk.M target for aap-r, d
40(,5 REM target for a Perd
4010 REM target for aror,.,J

28
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Appendix B

IBM PERSONAL COMPUTER ANNOTATED LISTINGS

1005' ALLOCATION program........................ September 1982
* 1010 'Prepared by Dr. Stefan 'Thrier

1015 System Planning Corporation
1020 '1500 Wilson Blvd.
1025 'Arlington, VA 22209
1030 Telephone (70J3)-941-3621
1035'
1040 DIM T#(B0,20),A#(20)
1045 DAIAM ) .(80) ,S e 6130)
1050 DIM W yt(20),N%.(80)
1055 DIM YTPiPE$r4r
1060 PRINT "end declaration"
1065 GOSUB 110 Vget user's control toggles and wpn inventory

1070 FOR OBJTe h -7 TO NODJY1
1075 GOSUB 1180 get classes within this objective
1080 FOR CLASS%. - 1 TO NCLASSY.
1035 GOSUB 1220 'ALLOCI

1090 GOSUB 2285 'REPORT
1095 NEXT CLASS%.
1100 FOR CLASS%. = I TO NCLASSY.
1105 GOSUB 1740 WALLOC2
1110 GOSUB 2285 'REPORT
1115 NEXT CLASS%.
1120 NEXT 0"3* at
1125 END
1130 'subroutine to input toggles and wpn inventory
1135 INPUT "gtd-0 or dtd-i";A*
1140 INPUT "de goals cov-0 or mod-i or hi-2"; H1%/
1145 OPEN "inventor" FOR INPUT AS #1
1150 INPUT#i, UO%: FOR J%=1 TO UQY: INPUT#lW%(3Y): NEXT J%
1155 INPUT#I, BO%.: FOR J%=1 TO BO%.: INPUTO1,W%(JY.+UOY.): NEXT J%
1160 WOY. - UOY. + B0Y.:CLOSE#1
1185 OPEN "de-table" FOR INPUT AS *1
1170 INPUT0i, NOBJY.
1175 RETURN
1180 'subroutine to input DEs for classes within objective
1185 INPUT#i, NCLASSV.
1190 FOR CLASS% = I TO NCLASS%-
1195 INPUTOI, A$, NY.(CLASSY.),G(CLASSY.)
1200 FOR 3% = 1 TO WO.: INPUT#1. TO(CLASS.,JY): NEXT J%
1205 NEXT CLASS%Y
1210 RESuRN

1215
1220
1225 'subroutine ALLOCI allocate rst wpn
1230 AOY. 'clear second wpn pointer
1235 GOSU S 1290 'unpack the DEGOALs for this class

1240
1245 F3%T 'lag to scan more

1250 WHILE F3X<T 0 meet the class requirement
1255 GOSLJB 1390 'SCAN table for wpn to meet goal
1260
1265 IF JOY. 0 THEN GOSUP 1650 ELSE F3%. 0 'APPLY one else quit
1270 WEND
1275 RETURN
1200
12B5
1290
1295 'subroutine DEGOAL -- unpack goals and categories for class
1300 'categories (tu/crit and ide/mide) <-- flags Fl and F2
1305 GO - INT (INT (G(CLASSd-))/ ) 'highest digit marks categoryd- A
1310 Fl% = 0
1315 IF (G6 S 1) OR = GO L THEN FlY = 1 '1 set for mide
1320
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1325 F2% = 0
1330 IF GO >= 3 THEN F2% = 1 '42 set for time urgent
1335
1340 GO = G(CLASS%)/100 - GO
1345 'HI% = INT(IO * (GO - INT(GO))) 'determine if coverage, moderate or hi
1350 IF H1%=2 THEN GO = INT(GO*100)/lO0 ELSE GO = G(CLASS%)-INT(G(CLASS%)1

1355 '

1360 NO% = N%(CLASS%) 'number of targets in this class
1365 ' Do either nr. tgts or mide goal
1370 IF FI% THEN D(CLASSX) = -NO% * GO ELSE D(CLASS%) = -NO%
1375 RETIJRN
1390
1385
1390
1395 'subroutine SCAN(r) -- for first wpn
1400 scanning to the right in the DE table. JO mar~s table column chosen
1405 select first wpn meeting per wpn DE goal

i410 J0% = 0: LO% = 1: LI"/. = UO% *left half
1415 IF F2% = 0 THEN LOX = UO% * : L.1% = UO% + P0.% 'right half
1420 J% = LO%
1425 WHILE J%-= LI% AND JO% = "
1430 Tl# = T# CLASS%,J%)
1475 61 = TI# - INT(TI#) 'candidate wpn DE
1440 IF GI GO THEN 1475 "wpn DEK per tgt DE goal
1445 JI% = INT(Tw#) MOD 100 "pn index.
1450 IF W% (J 1%/) = THEN 1470 'none left
• 1455 JO% = J% 'Get table column index
1460 X = G1. Y% = NO% ' "rgumerts for HOWMNV subt
1465 GOSUIG 1595 'HOWMANY wpns M A'

147(0
1475 J% = J% 7 I
1490 WEND
14a5 IF J0% 0 ( THEN GOSUB 1500 'if nothing fuund, try scanning left
1490 RETURN

a ~1495
1500 'subroutine SCAN(1) for first wpn
S1505 SWAP LO%,L1%
S1510 J% = LO%
1515 WHILE 3% > 0 AND JO% = 0
1520 Ti# = T#(CLASS%,J%)
1525 J1% - INT(Tl#) MOD 100 "wpn :ndex
1575 IF W%(JI%) = 0 THEN 1565 'an,, wpns of this type left
1540 30% = J% 4s
1545 G1 = TIi - INT ii, 'cpu Ut

1550 x = G6: Y% = NO% arguments to sUbroLt t•e
1555 GOSUB 1595 'to compute HOWMNY wpns M
1560
1565 J% = J% -I

157$ WEND
1575
1580 RETURN
1585 1
1590
1595
1600 'subroutine HOWMNY -- args X (the wpii DE) and Y (wpn stock)
1605 IF F1% = 0 THEN 1625
1610 M-. = INT CABS(D(CLASS*/.))./X + 1) 'mn de
1615. IF M% 2 Y*/. THEN M% = Y'/
1620 GOTO 163:c*
1625 M% = Y% "ide
1630 IF M% W%(J1%) THEN MX. = WiJ1X) 'more tgts than wpns-

30
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1635 RETURN

1640
1645
1650
1655 'subroutine APPLY -- first wpn1660 WY.(JI%) = W%(J1%) -- M% 'reduce inventory by nr. applied1665 NO% = NO% - M% 'reduce tgts in class that get wpn1670 T#(CLASSXJOY) = TO(CLASS%, JO%) + 100) * M% 'record in table1675 F3% = I ""more" := true. Set false below as appropriateIII0 IF NO" =0 THEN F3%=0 'false if no more tgts in class1685
1690 IF FI% =0 T. IEN 1715
1695 D(CLASS%) = D(CLASS%) + M% * X
1700 IF 0 <= D(CLASSM THEN F3% = 0
1705 GOTO 1720
1710
1715 IF GO < = 61 THEN D(CLASS%) = D(CLASS%) + M%1720'
1725 RETURN1730'

L d
1735

1740
1745 'subroutine ALLOC2 -- shortfall to goal needs second wpn1750 AO% = 0 'list pointer for Ind vjpns
1755 IF D(CLASS%) > 0 THEN 1805 return if no shortfall1760 D1 = D(CLASS%) 'amount ach'eved so far1765 GOSUP 1290 'DEGOALS for nO", gO, etc.1770(
1775 D(CLASS%) = D1 'get credit for earned DE
1780
1785 LOX = 1: LI'/ = U0% 'msl wpn
1790 IF F2% = 0 THEN LOX = UO% + 1: LI% = UO% + BO%1795 GOSUB 1620 'execute ADD
1800
1805 RETURN
1810
1815
1820
1825 'subroutine ADD -- to try to achieve DE goals
1830 K% -. LO%1835 F3%
1840 WHILE K% ý= LI%R145 TII = T#(CL(4SS%,K%)
1850 GI = TI# - INT(TIO)
1855 KO% = K%
1860 r1% = INT(100 * ((Tl#/100) - INT(Tl#/lO0)))J 1865 IF FI% = 0 THEN F3% = 61 < 60 'if ide more if first wpn short1870 NIX = INT(INT(Tl#)lIOo) Tnr. wpns this type applied as first1875 WHILE NIX > 0 AND FX%
1880 IF Fl THEN GOSUB 1920 ELSE GOSUB 2100 'mide Iftscan else rt1885 IF JO% Ž 0 THEN GOSUB 2005 ELSE F3% = u'
1890 WEND1895 K% = K%Y+
1900 WEND
1905 RETURN
1910'
1915'

1920 "subroutine SCANLFP-- second weapon1925 JO% - 0
19Z0 L'.% = UO1 0 B0%: L4% : UO% + I1935 J% = L3%
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1940 WHILE J% '= L4% AND JO% = 0

1945 '2W = #1(CLASS,3.J%)
1950 J1% - INT(T2#) MOD 100
1955 IF W%(J1%) = 0 THEN 1990
1960 3,% = J%
1965 62 T2# - INT(T2*) '2nd wpn DE
1970 X = G2 - G2 * G1 'marginal increase due to 2nd
1975 Y% = N1%
1990 GOSUB 1595 'HOWMANY of this 2nd?

1995
1990 J% = J% - 1
1995 WEND

% 2000 RETURN
2005
2010 -

2015 'subroutine APPLY2 -- 2nd wpn
2020 W%(J1%) - W%(J1%) - M% 'reduce inventory by nr. applied
2025 N1% = NI% - MIX
2030 AO% - AO% + 1 'advance list pointer for 2nd wpn data
2035 A#tAO%) = MI * 100 + J17 + i'1%/100#

S2040 IF Fl% = 0 THEN 2065
2045 D(CLASS%) = D(CLASS%) + M% * X
2050 F3% - 0 > D(CLASS%)
2055 GOTO 2075
2060
2065 IF 0O <= GI + X THEN D(CLASS%) = D(CLASS%) + M%

2070
2075 NO% = NO% - M%
2080 IF NO% = 0 THEN F3% = 0
2085 RETURN
2090
2095

2100 'subroutine SCANRT -- second weapon
2105
2110 J0% = 0
2115 LO% = UO%* + L U0% + BO%
2120 J% = LO%
2125 WHILE JO% = 0 AND J% <= LI%
2130 T2# - T*(CLASS%,J%)
2135 J1% - INT(T2W) MOD 100

% 2140 G2 = T2# - INT(T2#)
2145 X = G2 - G2 * G1
2150 IF (0I + X) < 60 THEN 2185
2155 IF W%(J1%) > 0 THEN 2180
2160 30% = J%
2165 Y% = NI%
2170 GOSUB 1595 'HOWMNY wpns M-2175
2180

2185 J% = J% I
2190 WEND
2195 IF J0% = 0 THEN 1920 'if none, try SCANLEFT
2200 RETURN
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2285 'Subroutine report
2290
2295 TTYPES(I) - "cr-mide ":TTYPE$(2) a "cr-ide ": ,.
2300 TTYPE$(3) = "tu-mide ":TTYPE$(4) = "tu-ide
2305
2310 PRINT TTYPE$(lNT(G(CLASS%)/100'))H
2315 PRINT USING "#*#f##";N%(CLAuSS%);
2320 PRINT USING "#*####-":D(CLASS%);
2325 FOR J%=l TO W0X-i: PRINT USING "##*####.#*";T*(CLASSZ,J%);: NEXT 3%.
6 2330 PRINT USING "##w* .#.#";Te(CLASS%,WO%)
2335 IF A0%F/ 0 THEN 2355
2340 PRINT . ; '. ' . ;

2345 FOR J%=1 TO AO:PRINT USING "*##*#.*W"; A#(J%);:NEXT J%

2350 PRINT
2355
2360 RETURN
2365 -

,',

U
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S20,' REM adaptation of dfcalc ......... august 1982
21, REM Prepared by Dr. Stefa:' Shrier

220 REM System Planning Corporation
270 REM 151,,) Wilson Bivd.
240 REM Arlington. VA 22(01
25o REM Telephone (70))-841-'2621
7,10 OFEN "OUTFILE" FOR OUTPUT AS fsa
400 DIM F7.4,,-4.18',E(,2,56.5,'2
410 DIM )(4.2t
470 DIM WS(2,': "wpn IDs

460 REM
470 RPM SET CONSTANT TAKLES
480) RF t'
4q,:) C(]; = 1.04167

5", C(7) = 1.0989
51si a P = "pyr1
520 L$ I "lp n-rrSqtL1':d
740 FOR J = 1 (05
75R F IR = 1 10O 6
"6'' FE.,D -G I J;

770 NE.X T I
78' NEXT J
7q(') DATA 1.8622,- J. C . 2.)7 7 1. -1 4128,F. f.1.4(-.4:118. 0 ,'5 •

A ,10 nTA i.i:. --. @865. 1.77--86, -C.':.-',.287-!7, -0.028466
fIl. DATA I.8(9095, -2.858. 1.2975. -7e.627.2. *. l.:78, -:.'11672
82' DATA I . 7671. -2. 676, 1 .('06. -:1'. _.646. ' .' ,-s lS. -,:). ooa4 "7 52
e-':1 ; 1 .6984. - 7.7264, . 7481, -e . 1878- ''.02"-84. -70. '8"'L85-
801 REM
240,1 FOR J = I TO 4
85' FOR I ' I TO 7

&)0ý READ F(1, J)
P 7; NExT I
8681 NE' xT J
89,:1 DATA E.214. -:1i.11E, 1 .. 265 e -4. . 162 e 5. - C.o , t e-7. 1. -.-2 e-9
9.:;0 fATA -7.064 e.--l. 8.715. -0.1u27. -7.978 u-

4
, -9.09 e-5,. 1.458 L-5

91( DATA -5. 2½e-7. 5. 726e--9. 8 .7,3 .-''. 55, 1 .102'555' .
926 DATA 9.94,1e-6. -i.872e-7. 1.227e-9, 8.789. -0. 112, -6. .bBe -5
920 DATA -5. 8o'e-4. 5.857e-5. -l.

9 05e-s, 2.(5Sb,--8
97-I R E.M'

94' FOR 1 i 10 4
9•50. FO:R 3 x Ml 108

96,. FEAD ;'.J3'
97., N1-,T J

9" - C',l -- 79. - ]14. - -5.'". -t -6 H, -8.926

1,' DAT, -- 89 - I 1 , , --. .4-7 -,.9(', -2.509, --. 284
" L) 4, 1. - . I, .72, 147.. 2.2, 28.98
I,,, a - :: ',7v&, 9. 7*• '•3 , ,.1, .. " ' 8.'7'9. 11. 2. 18.,5. 24.42.,-1 -44,7-5

I*" 7 , -- . -,).6418. - '2.-7 5,

' '' "'""�.- -'.•1,695. -0.1 . - .'.7457

.4, 6 6 c -,

,4je I ' " 7 '.I6

1,.;g1r _•:HI " I .J; % e, .J I, f, .T t , ,]V-- ] - t -. .p;':.

i¾ ;4,n t el 1 (t
I .. 'q 'rt• -, i'- " ci• '. - -- •. - •3.

.".
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1710 I NFUI T5. U0K

1-72' FOROP. J= TO uo
1 ;,* 0 1 NF UT #5. s$(]) ,D 1 J ,:. , ,, 3),J

174') NEXT j
1750 REM
176,) REM saie Jj' ron-''
1770 INrFUT05. B(-
1780 FOR ,J 1 710 B'0

"919, J I J + UK'

S18<,0 I NF't:T#'-. Wt (3 J1 D I 1 D..j iI. .t;.. 1
181ý. NEXT ,J

182-' CLOSEE#5
SJ187''0 kO = UdO B

19.) RE.1
IQI' REM MAiIIN FROCESS 1OF

197'' OPEN "DE-TA LE" FOk fl ! k'
T 

Ov I T

I1 •'' OPEN "tgt -do" FOR INFULT w:. Ft,

194,) REEM

195'0 INFLnT#S ,01 "tumbr Ut -i

1955 PiR INT #-, O !

196C' FOR 0= 1 I, 031
197'. IN Wi J , --1 71 nt'mbu, o c. I.

1975 F'jNT#T-. C1S198': FOR C = 1 TFi 1
19Q ]rI FtJ' n-T .r i$. 1.: " .1 1 .ct , ._ v, ,. ,r '• ,Tl,2.-', . P o..

g l

NLXT T
2 ", rEEXT (0
2 , 60 0T 484'. 'end of pro.jrTr.

51''_.

7-,,REM so~r JL, t1.fl t, '-, ] terF.rt-t V''
5 

!•J'

0.P - INRlF,' 1.I 1,/

Vf I *'TF Ti' I i 1 9

2"7 F FRI!4: s , t , muL t hr,, } '*., p , '
L'38UkE ruF rý

2X LEFT ' ',i- LL N L-$ ,

V ' VAL (X t

4 .1 iF 6 Oi]' F f-sLJ' '.' 57 IF ( Ir ,ilL; 1r 21 'vjr.

24. 1F F- 1 AM" V r' At.'[ ' =4 TI'F.N ,9->
2a'.'J.:i -l"£ '-Kc• '-n cit O" ran-•'zr o') :. ft ty'''t"

44-' F:F T .N

IF F P THEIJ 217H

"'4 ", T F

?49 ' IF F ' 11 H, I.

i -5I I I L-,, t 2$1

"'-EI

it ~RE i
. '" ' ( .' fc pr par e a-tt I w.c 1 I'' ' E

!,5 FGO, . 1- 1 Td W.:

) '.. 3
1", NEX I J.

-62( 1'
:'1 - t I -- U'
T '' 0-O1SU, 475) 'sort U- Fj

I I I % I t I s. '.. . .. " .. ...... . .. . .. . . .'± ...tL.ji.:. ." .... .
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92640 LI U0 ÷• 0
2645 GOSUE' 4760
'650 PRINTW3, USING "\ \;TO; 'tgt-id 8-byte field
2655 PRINTW3, USING "\ \"I8; 'vntk
2660 PRINT*!, USING "#####0"Z; size
2665 PRINTW3, USING "#000".N; 'number
2670 PRINTW3, USING "####.##";M*IOO+INT(GI*1OO)+G2 'tgt-type & goals
2675 PRINT#3, '6-byte ofiset line two
2680 FOR J3 - i TO w0-1
2685 PRINT#3, USING "###.##";D(4,33); 'wpn-index & PC
2690 NEXT J3 3D

*-." 2695 PRINT*3, USING "*W*.**"D(4,WO "
2700 RETURN

,. 2850 'Subroutine to compute DEs
73060 HO = I 'sir only assumption
3080 J1 = I 'since only one target
:S090 14 = 1
73100 IF Tý6 THEN 3120.11 . C, 1o 4 = 2
X120 IS - 10 * S 'needed in Pd subroutine

"- 3130 FOR J3 I TO WO
*"• ,3150 Y3 =D(,J3)'(1/3)"3160 IF T = 11 THEN 3300

3170 GOSUB 4360 'COMPUTE WPN-RADIUS
3180 G5SUB 4510 'OPT HOB
"3300 'Placeholder
3350 J4 -3. 'for same wpns
3360 J5 = 1 ' -- only one target size

- 3390 GOSUB 4580 'compute pd
3390 ) 0(4,3J ) = P
3950 Z$ = MID$(L$,T,I)
3960 ' PRINT*6, V;Z$;K;VI;D(l.J3),;D(2J4);Z;
3 397u ' PRINft6, HO;W;P;D(-,J,3);D1
4300 NEXT J3
4:1;I0 REIAURN
4320 '

4330
4360 'sub for radius
4361 Y4 = i/Y3
4365 Y4 - I/Y3
4370 VI - V
4390 IF F: - 0 THEN 4410
4390 J =914-9.F
4400 VI V + 9(1,J) + V4 * (6(2,J) + Y4 * (B(3,J) + Y4 * B(4,J)))
4410 J = 14 +
4440 W = F(7,J)
4450 FOR I 6 TO I STEP -1
4460 W = W * VI + F(I,J)
447r NEXT I
"4460 W YZ * EXP(w)
.449 W =WOI4) * (1 - 72))..- 4500 RETURN

"" 4510 'subroutine for opthob
4520 IF 14 I OR %,I - 15 THEN 4550
4530 HO = 1661 * EXP (-.061-38 VI)
4540 GOTO 456',

* 4550 HO = EXP(E(,14) + V1-(E(2,14) + Vl*(E(3,14) + VI * E(4,I4))))
* 4560 HO= Y3 * HO

457( RETURN
4575 'subroutine for Pd"45Bo IF D(2,J4) THEN 4610 'if any cep is 0, set p 1 and return4594: P = I

RETURN
R1 = W/SQR(D(2, J4)•2 + C7 * Z 2)

467v IF S = .1I AND RI THEN 4590
46', IF S - .2 AND RI "7.5 THEN 4590
4640 IF S =.7 AND RI4.5 THEN 4590

S36
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465v IF S =.4 AND RI ,6 THEN 4590
4660 IF S -. 5 AND RI.> THEN 4590
4670 IF R1).1 THEN 4710
4680 P = 0
4t,90 RETURN
4710 P9 - RI * (G(5,15) + RI * 6(6,18))
4720 P9 = G(1,18) + R1 * (G(2,18) + RI * (G(3,[B) ÷ RI * (G(4,18) 9)))
4730 P EXP ( -EXP(P9))
4750 RETURN
4760 subroutine to order in table
4765 IF L -LO < I THEN 4795
4770 FOR I =LO + 1 TO Lt
4775 FOR J = LO TO I
4780 IF (D(4,I)-INT(D(4,I)))K(D(4,J)-INT(D(4,J))) THEN

SWAP D(4, I),D(4,.)
4785 NEXT J
4790 NEXT I
4795 RETURN
4840 'program is finished
4880 ENE)

P°4
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Appendix C

TEKTRO1IX COMPUTER LISTINGS FOR
PD CALC AND DE CALC (PROVIDED BY SAGA)

1000 V.IM4 t (,14)ve(4v 1) L tJ ) ( l $ 4) L ) ) •$ J V t

"10-'0g IllHU 3L •f E'f".GF * .3! .,
1040 INH
1030 IHAUE il-l# IY-n ; 41C.E 1V 3 e24>'.!t61. ' 1 4 1! P

1056 F, kRiN| f L S ý,L AY IJU I I'Lt I 1 f % f' ~ t I I" K, 1•',':'I

I 05UL ý,'R1.11 1 1 NIIIAt -I_ Z :!ci l-. [ .. ...... ••

10 9 I"A-,52 (HE.,O 1"•
1040 YR1.M

1061 I.• Atd- l rHE I) ].•2S1C41L' )I':-V

1064 O - 1i 1 I IL' /-'iL

1, 1Q6ý LJU IU 1 Vb,6

/)•10,11 V'::=c

1061 Uý 1f-1 (*1 1 6tA2
d1029l I/-', (I.! ls

1100 UI.( )I -, F V.
1110 LI P-- * NF'S'C [
I 120 I--I [ t I ,'A ONS I f1X

11)0 loUI t1I6 1 A 1.',.•ti 2 .. . IV ,4 Q.3,0.
I, 1ifo Wt: IA 4J. 1 ,1 , I Q0 1,0 o, , , Q,.', )(I 00 Y1 4 t , I .,1 1 :(..) S 0. 1,Q J,
116{) f)AgfA 3• U O L:• L O 3,(.Q•(., 101,'), 1. 1 ,,,I '. I ,I ,3 ,

1 1/U180 1 A~f 1 I -' , ' :2- 2-.":220 I v l -IN I `. I, I Lv' f It1 0 V , C L I -"d • 2 I- 1` 3

I12I0 I-UNA .134 0.2 0.0: .1&- 7p,:0- P 'H.'
1 "00 Ito.I ,A ;t, 4V, 3 -•'ýý V . Q. 11. 0 L,O, 1, ",I , 2,,) '.O, (1•,OV , (I. IH , :, C O, 9Q 3/t")
I]:'10 lit'iff. ;'' b 2b6-W •b" (1 , 11 I -.1-.'• O, _' :,1) Wt)L , (101. ,' 3U VO]u (
•,2"21v 1'tk 1'. 1"11 fUl 16

123 Q LIN II FU

1240 RI-.AD U (1i,)
1I20 NE.X I '

1210 1-ll 01 1 I10 4
",.1260 KEA~iH t i)S1 I UO I-ll': I 4

:.0 iQ f 1Up-: I-1 IO t,
N 1310 RIAl' Kt (I

1320 NE XI

1340 lit:IA 3,t t,4,t,, 4 ,'3

1340 I,-UN .UI" II u

1&wIUN101

-. t- 3870 NI-), I

II Y138 rL>n I -'I HI !

=L. 1,t0 11( I A- t1 .43 0t.,-11 .O' 1 '

1. 11( [A f A 1 tS1 9 .' 2 VIH l 'HA . 'y'''I:- 2

1 3 0• Lin fl o , I . yetI , 1,

1 `1Q0 -•OR I IL ' /

I- ql• O ýu I_ -- I t

14 6'j RA!,f I-(

=4 14/0) ,0 X I R VI.P.

1410 NI-ZXI J RvOSPG

1 4•90 L[ftlA k? I• I I--P..1) ',. 'e z 1, .1 2--,-- ýj- 9 - f,.6t!&t- 1321 Y ff'sBLA$N' ,

I2 0 DW A(A ( - . -0641 - 11 H... : '.1 '1.03'.-/. Y, . ,'1.-Y.' '4, l-',.'1''":,.4tdt_
1 ýilU DATfA YUH. /1 . -0.I 1 9. 0 0.'

14 o ,' •) 
,.,

}4.Cpy vaili-_XtoDTICdoe no

4'I WI -N......
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1526 DAMA -b•80 - 4,,.U5Lk..S,, .9QE6r.C."'
S1530 FUR 1'l1 4

• ,•;1540 F'OR J-:1 fu 18
% 1550 RE.AD B(1I J)
•"15L0 NEX f J
%"1570 Nm.XiI1

15c.o un rA -0. b7Y9 -1.22,.1 -1. Yt,*.;• -L.5, -2. ! -L.(,,--6. ,'• -fl. Y26
1590 VATfA - 12. 3 -0.28•9, -( I I V -U.9-'22, - .• -'.)('1 :- .. 9 -3. "B-1
1600 VAfA~r -4 .343 -6. 01 1.t6Y JZ.3: t. 10 11 .. ,/Pl•63 20.2 128,98.S
1610, VATA 45,0 .,YU9; I. . t!.! 1. •.1S',, YI tý T . 1, 11 .32Y 1 . Qý-,21 .13
1620 114FA 0.• 001376,• --0. 002W6 •- . ' 2 5 -0. 2:15,2 , -(l. H14 10, - . 3Y,- ,8;2.
1630 PA fA -14.'.2 p -. 4t. t v-0. VA Y1. p-0. 18-1 Y i-Q ', I 1 -1-1. 14 Z, -y , y - 1l]6
16i0 vn'FA - 1. 56 v- 13. 1- L •.A? -0,'•. 31-Q. I'16Yt, p-0. 1 LtI t ,-0.A 15"?

1660 DA FA 0. 51 4b 1, .I1 2 Q. It! /,I. 1, , .•6,4 ., ? 110. 64
16?0 FUDR J- 1 10 2
1600 RE•) K ( ,)E(,~ E .,.~E ' A k
1690 NKX I J
1700 VA'l A 1.1/l-0. U 1 Q'.O0O1 2t,;2 •T .- :, .13 1 -'1 ý76
1 /01 W.. IA 0 . O0:,2:!U,-6. 61 &L-b
1710 LS-1
I1ill.0 PRN ~f 'DU YUU WAI'I 1% t.I L fRIPUJI'e'
1730 INFU/ I'
1740 JF" (W'•"N fFN 185,0
1/60 IF Lt$"'Y" fHEN 1&00
1780 PRIN( •.NSULF.'• fUS( P.• YL,•(Y) UK• OW(JN)
1I9 /VoLi fU 11210
1800 •-
lb] 0 PRIH f "F'1R 1 FILE. H/UMLP l. 1') "
1820 INPUf F 1
11330 IF F1<,5 IHhN 18161
1840 GLISUD 48YO
1850 LI=0
1960 L2-0
1870 F'RIHf 'UtlKNOWJ4E!L ,P!9 P Y, " t"*

18U0 INFPUf LS

15/00 IF 11"0O IHýN 4Y6ý)
1910 I1=11'F1
1720 FRiN i "(u r vIs ( NimiuF:fi- ;fiomllN ' ) ''
1950 INPU.• 1 C$
1940 iF C;$'10' IMý-N 1Y/0
1Y5•0 IF" CI'-'I" fHL:N 197•-
1Y60 VaU TU 1920'
1970 12=0
19/1 (3 1 IO 1PH
19 A2- I2:
198(,- PRINI *SIHG ý.E PPOULI~l/ £f'f? *
19y0 YNP01f C$
2000 15=Il
2010 13-0
210J0 IP tC$'-Y' IHI-N 21DO
2060 IF t:$*':'N' IHF.N 2111V
20U0 PRIlf *A•NSWER• l4Uýl• YLS(Y) Ill(NUMH)"
20yo UU fU IY7;'
-1100 137.1
2110 FUR I1ý- lo t,
"12|0 IF 1 -11 Uý-. 1.5 (HýN ,'/10
ý21 30 UU lU 1 1.4 1 0,26 ,28 •70 ,'1
2140 F' IN I *NtUM ER Or• klfqI['5 ' i
21*Q' UO I u '.140
2160 ý*l N I '24UMPERq tlV t'll'S• ,
2110 Litl 10 -.640
"2180 F'R"N I ,*NU1MPLK UP- Y ~ll-.IS r'e
:-'1Y0 UU' L, ý!40

22 0 IF" f11 3 CIR N(3),1 fm-i',j 333

40
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"2210 PRINI 'CLP'S VARY lN))IPLNDLNILf *i

2220 INFUI U,
2240 I1I- C•-* Y" rH.hN 2,340

2260 IF Cl-SN* IFHEN .%i00
2280 PRINI *ANWiAW MUSI B3E Yt(Y) LIN NU(N)
22Y0 (O 60 2210
2300 N (4)-H(3)2310 15-0
2320 ,U lU 220
23J0 PHZiF "LZL-p iN INCRLMV.HIf"
2340 INPUI (CS
2300 IF Isý-'H IH-.N '2630
23/0 XIF S-Y IHMN .'"110
2-M90 PRINI 'M,=WLN R HU0- U _ Yl-.SY) Ut" f'Otm)
2400 LiU (U 2330
2410 PI4NI 'h.P(MIIN)I ?-(M•X ,SIEF "
2420 XNPIJI CI.T:•-,;J
2430 IX FY-.1>0 1HFN 2460
2440 P-RINI I'tLP(Ms.:) MUSf INL CEF'1i1N)
24bM (0 (LU 241(0
2460 XIF" C2-U1 1I IH ,4SY0
24/0 PRINI "IfEP MUS lBF `.CHAX-LIUl4
2480 C40 1U !410
24Y0 IF C1;-0 AND C2;•Q AND C'.3; IHME 2',20
2500 PRHII G(kEP MUS;F 1L >0"
2bti tU IU 2410
2520 J2=CL2-LI1 )/C3i 1
25JO IF J2<=2b ANI., J2->1 (FNH 2t.60
2540 FPR NI 125 IS IHI-. m%.: HUMENR tit (;I:.'
25t,0 UU IU 2410
2560f FUR JI-'1 Iu X.1
2t,'10 D(4, J1)'•1÷(J121 )tC(3

250U NF.XI Ji
2590 N(I)-'J
2600 UU IU 2,20
2610 PRIN I "NUMI.EI Ik UF 16.1 RI.,A(, ?
2620 ULI IU 2640
2640 PRINI "NUMLMR OF ULIP'S Y "
2640 1ItUI Nf()
2650 IF N(l),-1:2t, ANti M(i)-"I (HIFI4 2"3J?
2660 PRIMI *NUM))L9R tU L *1 -1. (:N1l )':1i*
2670 Ut) (u I OF 24,i02l023v6(
268Q FO'R Jý,--1 10 4
2690 N(J9)zl
2700 NF.XI J9
2710 N(X)rl
2720 IF- 1-I1 IHhF J.21H
27J/0 FUR J-1 I NU')
2740 L4U IU I OIF- 2.'tv,300',3,2U,,Q(. 30/0
2375 0 P'RJIM VHIfK('Ji')'" "

2160 IN4PU( 14S
2762 CSESU(H$,LLNl(k$)-ll)
2,10 L$=cl
2780 P.-US(LSUSol,)
2790 IV FP IHp N 2830
2810 F'RNN "fYF-'k HUSI VL I_ N,UF',U,H:,I,
"2U20 UU IU 21/0
28J0 XS:,J)(b0.1#I- ,LN( till
2183'0 U(J)=UAI (X%)
2840 IF -".16 11,Nl.t V(M ::;j/ CK 0 .'-1 PM 4.(j?..
28t;Q) IV1--I"11 AVNll V(,J). ( (;NDl QJ) -- (Hi-I'' 2&!UU
2H60 P'R/N 111 4 i S OUUI UVF.1-ANG1, FOR I t, I ITL"-i*
281:0 LuU fu 2,./10
201 V0 S ( .J)='0. 1 *'F'

-28b90 f Cj)J,'F
2S'00 . F J- 11- h- 1 IHt, 2'•
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'301c IF P'-ý6 lHhN 2Y40

2940

2Y4b K(J)=VAI.(U$)
29bo UU fU 3200
29WO K(J)=0
2990 LIU fU 3200
3000 PRINt "F'll(l;Ji*)- I;
30101 UU 'ItU 30u0
3020 PRIN" IYIELL'-K(I(;J;*)-
3030 (iu I) SQUO
3040 IF C210,>O fHEN ,5210
3obo v'RINt .CEvYFTr(" ;_ i
3060 UO I(U 30MU
3o/o t'R* NI N! 1fu RAI.,I US - I" f ;•Jf = *
3080 INPUI 1(] I ,J)

30YO IF 1<>2 OR (AND ,)"0.99AJ ).(LJ)"0.o.2) MHE.N 3120
3100 PRIN I PLI MUSj I kLE :./V1 ().
s11 t) GOU .4000) "•
31;20 IF I .' K U< ±,J'" _0 IH(8N .,1L.0
41.50 FPR NI "YIEI. '!M I .L I-+' EL
3140 0u fU A .0,
3150 IF OF,1 01-: ,iJ -. 0t I -FI! 31/0
,.3160 UO ILI 3vlt•
SIl/O IF" 1-1,:t) Up• V~r ) Mt.MPI3"'
3180 PRI'NI I Iu Il ý.':AlI:U.E fUt; I )A :"0v
31y() Liu IU !0.dQ

" 3200 Nt.XI J
.3210 NkXI I
3220 )F lb IHI-N 3240

3230 t1(4ý3]
3240 PRIN 'HUl:t(UN'lh 0ll .l tllH-;.') "
32L,0 iNPUI 16

3:21ýb REM sl: r WALIE

3260 IF 16-0 OF: !-.'- .. 16-2 IHN .
32/0 PRINI 'HDL? ,U:-;1;2
3280 8i0. It) 3240
3-90• M6 )-1
3300 it- 16 <2 1H./ fL "29 -----.
2310 N(6)-.!
3320 'UR Jl.-I U ILI:6)
333v Ho-o
3340 iF 16=V Of: (16e.* 0N .)16-:() IW '-' 13t' "
3350 Ho"-
3360 ýt)R JJhl fU tl(!ý
33/0 14-1
-33 B0 IF I (JI)-: I)- A! 31.(,
33Y0 14=2
3400 FO-F: J2-1 1U P(2)
3410 1-Uk J43-1 10 M(3
3420 IF I1l 3 IH-.f, t-..9.
3430 Y,1)(,J3"( 1/.)
3 4440 IF f(Jl)-li tH(f-W T'.'
3450 U)SLIe 4t10
3460 UfIJ':UV 4660
34/0 130 IU 4,t::o

34L40 i-'P(Jl)

34Y0 Vl"U(.11)
3 ý3fi00 It- HO'U I HtI V .f
3510 j--+'i
352( . .P, -H ( .YY.
3 C' HFjf 1!'-1 (0 4

.35 ' . -( ,-") IReprodued from
6 eii vaila'bale copy.
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,tBO FVIA J4-i WU 84)
35'00 L/-O. 4
3600 IF1: 21-0 1lFF! 362V

.3610 C/"0Q.23X
3620 IF Jb 18FF. 3640
3630 J4=JJ .
3640 FUR JjIr !U N(b)
36b0 iF i !HEN2 3I62 """

3460 bUSUk' 4,3(0
36/0 UU (U 4020

,3680 Fr2It(2;,pJ 2)
36YO LUGL ( -i Ub( "U-)

3/O IV'l-10*S(J,
3710 FU-(82-U(3,jS))'U(2,jg
3720 -4( 4r I1)/t ( 29 18 )
3730 t\:-U( 4, tW) /U ( l2, J 8 )

3/ý,O 1', 4ýU( 6 p J L ),'f I J J•)-

3/60 U1-0
37?0 U2'-R(I8e
3780 U3 "(U 4U2), ..,
379 I- F'/-LtZ* I, 103 (F, 4L3 2 I S+ 1,:-Ui (I:! tI,) )) (I

3800 i F AMS (I/-f8) ' . (?F-t I H'W! 3eu
3810 Q F'-I'o 0 lHFO .&S4(I
3820 U1'U3
3830 00 ID A,'8.
3840 U:-US
3800 LUL I U 3,8 "

3860 IF il 1"F3 ILH .39J,0'
38/0 1t(4,1)-Wf/U.S
388O 1(4,1 )-IJ(4, I)
3881 IF li(4,1) .C, t f t.' ",
38892 1 (l";d)--1

3 83 UU IW]
3880 11 (4, 1 ) -.SUE: LI 4'• 1)).
3890 IS IU] 1,/'o

3900 WI-U-A3910 WI'sJHI,.J(!4,J412FU(¾ ':.J5Y tL')1.;,
39120 1"0

3930 MK!- 1(y
3940 Y3- M.!
.39t50 G(&ILý'll -1510C
3960 IF W-lWl IHEN 4,000
3y7v pf 1 "='1. W.

3980 MUO -- *;
39Y0 L00 fu 3910
4000 Y3-(M1+M:'1./2

4010 UU05I) 410,.'
4020 IF -WW !HII! 4036
40W0 U 11-rY 3
4035 13. b ftu 1040',
4036 ti' -:Y3-1

40('0 vt43I11YJ,"3-3
4060 U0U50 16(ý0
40/0 REM
400D IF L I HHN I"L-
4090 L2-L;': 1
1090t F'.U.
4100 -F'ck.iI OfA: L•'I (1, 0:!:! ' -
4102 F'i"lI! L'AP" OF I t. (:k'!! '± LI ''2.11 L~F!"." F? 1,':flI'' ,".t,-
4 102 F'k IN. I OA; V ,Jf f.- /; .,N F f L) Cý!lf
4105t F*AN OA mje82¼ WE SF I1 IK
4110 'r8<Ni Cln:
41,0 REM PF 1(.;53) 1- I I 1130
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.12t;
4130 FRI EM ( UL I 10.10)U (j1)LIE(.J1) ;VI U(.SrJ3, i)(1r1l1) ,D(L.i'Jb) rH),vwt

I 140 VU IU 4160

4160 L1-1-1+1
4110 IF 1/-0 fHFN 4420

4180 If I(J1)10 H.(HE 42V
4 IYO IF f(,)1)-ll fHF. !;' A ." 0
4200 '1 Y, I( J1)
4210 6.0 IUl 4270
4220 I V-,O

4230 (O IU 4270
4240 fV'-
42•0 U( ItL.)=-(V(Ji )+I~ Y/10+÷K' (.11 )/t('T.>*1Q~j
4260 UO ILI 4290

42/0 U(1,LA-)-(V(J1)+I(/10+I•(-1)/:. J ),' ( I
4280 LV(:iL3)-1J( 3: J.3)
42Y0 U(3,L3,-?L(4,J4)
4300 U(5,L3)U(bJb)
4.310 U(4,13)-0

4320 IF HU'0 fHEN 4340
4s33 t0(4,L L)-1
4340 U(6oL3)-IUQO+P
4350 LJýL3-1
4360 IF L.3ft1 IHkN 4420
4.5/0 klifl SfURE. L'A)
43'/5 SfU(P

4390 FJ-FII+
43YO UUUUD 4890
4400 LJ1
4410 IF LI<Y fH.N 4440
4420 IF LIKY IHF.L 4440
44.-40 1.1=0
4440 fHhX! Jtj
440 Nk.Xf J4

4460 NXI J-4
44/0 NE.XI .X!.
4480 NhXf JI
44YO NPXI J6

4500 UU IU 8:JE,
4510 Y4=1/Yj
4520 VI =(JI)
4530 IF K(J1)-O IMýJl! 4£.

4540 J--YI4-Y+Ik(J1)

4•6(l J=14
4570 IF H-'(o MHEN 4tWVQ
4bH0 J-J+21
459Y0 W'F (/, J)
4600 FUR 1-6 IU 1 SIFF"' --

4610 =lW*VlfF!(i, J)
4620 NI.Xf II
4630 W'Y3*EXP(W:
4640 MW-/(Ul(I1)*(1-S(J1)-2))
4650 RL1URN
4660 IF HO-O IHLN 4/bO
46/0 IF 14-1 UR VI=,l=t IHKN 4O00
4610 HO-1661VXv(-0O.(61.3YVl)
4690 UV IU 4.10
4700 HO=..XP( (1,i4)4VI*(L(2, 14)+Y1'J (&iA,j4)+VI*L(4,j4))))
471(0 HO" Y.52HO
4720 RE (URN
4710 3F U(4pJ4) IHkN 4/60
4/40 I-'z1
4750 HRE IUIH
4?6'; H "1 ,W/SUP ( L) , AJ14) "÷ ,>}) I(tj v .1b) ,.1)

47)0 IF S(J1)-0.1 AN!, P1I j .1II 1".',l

44



.- °

II

-. "4

4V80 IF •(J1)=0.2 ANI RI>3.L. IHI-.N 4/40
4790 IF S(J1)-<o.3 ANDl I•1:4.t• 1H-N 4,'Cl
4800 IF S(J1)ý0.4 AN)., R1.-6 fH.N 4/10,
'4110 IF S(J1)=-0.t AND. R1>8 M14EN 4/40
4820 IF R1>0.1 flHN 4850
4830 P= (
4840 RETURN
48t;8 IL;-IU10S(J1)
4660 FV-KI*(t(W.")tIV)+RlSb(6,)e)) "

486b 5 W MCI[(,• )R$ U •JI )R $ ,((, iL)'+Kl*(U(4p. IU)+P"Y)).,
4V/•0 P- F.XF (-kEXP (PY))
488" RtE'rUkN

4t90 FUR J-1 fU 50
4900 FUR 1=1 10 6
4920 U(I#J)=O(
4920 NýXf I

4930 NEXI J
49415 K}.rURN
4940 FINLI F1l
4950 RNIURN
4960 IF I/=0 UR L3S1 IHýN 49Y80
49'/0 RlI- . 01SURF 0(IA
490 iF" )IF . IHI-.N b000
4990 REMH LUAD DIAIA

5000 PRINI 'HOURAM 1E tANISHHJW
5001 1Nl11
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Ii

100 )NI I

110 PAGE
120 PRIN I IDODI.I V F. L- .F I C;C' C

1 4 0 P R II[ I 11 U , " I .
xU,O PRIN f 11 . A. !
160 PRIN I Li 1! Lý E. L

It),( PKINI 1 L) I If A A t.
1x O IPRI N f v , F c ' I ,
I YO PKINI V p L v 0 C C 1 , C 1. U
.100 PpI NI V 1)UUVtU E, tF- . ("0 -" fiC! A A 1.I. LI.L! C CL

210(" PRI-JI
220 PRI I:
2,0 VRI N I-2

295,0 PývM

-650 Ký M" Y•l.:IU(Hl-1''.: ff •'''. Af' H, UH 4." 1,.,3 -+

290 K'.M

320 V1'KM

340 1F.M
h 350 I-' . ..

3P_.t PRII~I * " 1.H !'0. .± ..t+ HFff FtJ";L . •.

3 0 'N X 1-*1 ''

3'90 P RIptf
400 IIM 1 (." , ) r4kr 4,t 1 •!),E( • ,";L l .12)•'.- • • .•,: . 1; r'l 4 ,X$('L, ZIl I

420 DIM ((v.) ,kQb? r. 16•p) ,H,4) U.'(,.' 6 ..•( ,
430 I MA(E 341, 12A,4X,)U, L /6f / I'AfIV. i , ,3L,"*

431 fIALik 2LJ.4f12A,4X,2U r
140 IHAGL 3 1) 1X 2,1) 1,611.I11 1 v ,'• 7S(Y' ,,

460 C2=0
470 1' -U '.

480 fl-0
48ý .•-

49U(0M -1.. Q!116,9
50(,1 UJ( 2)' ,911y~l

510O US' * 'YCUV .

520 LS L VI'ftIUNt':A I UX,'!'
521 ES- 'CS I
523 K-. m

526 VUR JI -. W8t•/ FRkAJ " U J

5 28 N.X I fJ
5-2y N-X I 1
53V jiAiA 2 400 , I,4 v 1 fCI A., '0. " 3,.

54 QVA fA 8,1, ,(..10VC,0.(.2.,'.2,,0, , .

5S50 IAl A 4 11 ,J,"V,0.4,Q.3,Q..'?"

560 LJO A 31,rp ,QV'i-.3,'t.A,U;1 0
565 110 A l(Ql, Y " l, ] 4. .,V. 1: Q. 11 C. 2 V.J
570 1A 1 A 10.4,t ,2420 • , 1 '.:' .-* C,

57b DoAFA 2;25 t 236V0/, C'/.•'3. !.,'...2 ,
580 (f: fA lltr26/t QtV, ,(1.36 t . I', 'yV •QS.'-•5 b hAtIA 2}43u. 2b(~.2)@k}'O@.•.I1 •)(J :4 [l'/ l 4'| • 1,'. 2

F b9 IIA f A 41 3 ,2# 0 t;(10" , 3-1.A ,(..b • .. ,t,.'..,, 0
t, I M
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600 1W) I A 13)b: 2Y152)* pt(p 0 -.38#0 ('1,5.0,
610 PA IA 3/50,2.1t,,,. 266 ,3 , 6V.I, o C' ';O .3,(. i
611 HEM
670 FUK, i-I IU 4
680 KKAl) H(i)
690 NEkX 1
6919 DAIA t00,1000,AUIQI00c ,-
696 KHEM
700 FOR I-1 fu 4
710 F-ADt R(l)
720 NEXt I
730 DLIut 3.A.b,4.AaH
731 REH
740 FUR J- 1 1 U t
750 FUR 3j (Ut.e,
260 KEAP) b(IJI) .
)70 NHE X I I

/:0 HEX I J
790 DA t6 I SLt2:' ' -3. ,23. , v . , _ 1.; .1 ... ,-0 . lo. I - 'i-t,
(IWO()DA IA 1. S ,1 3 ••6 ,I, '-1:86,-1 . C162 J c' . ,,2". ,-0.0I.2 "!.?1

1310 P:AfA I 80.t: .-2.D7' 1 *2,. 9.:, -. -' ..4: .13 I 't'. -W.01 IA..' -
83'00 MIA 1. /6 71,-'.,6 :1I .0t -0. 3-it16 ?r.U A,'?l 1r -0.O 0 , !0P.J,
133.0 PIAPA 1.69,84,-2.326¾40..'ly18,-o_.1U.UA,o.uz'.t.8 1. (.,('olONS.2 ''

82,1 RF.M"
840 FUR J-1 tU 4
850 FUR I-i fo /
860 KF. AI -F(lJ)
870 NLX I J
890 NEX A J
890 PMAfA 8.214,-0.111u,!'.:6.•UE-l4.12L1-5,-t.6381ll-,.14l1;-y
900 DAtA -3.064L- I1,.8315,-0'.1('3, -/. Y-'U-4,-t.3Y.3-,.1l,,. -t
910 DIAtA -5..2,21--.¼,U.)26t-9v8./t83r-.145•5,(,,o23t,'J•t-2..O&,4E--4

920 DAIA Y. YV1 E-6p-I,U.I -.2F,1.2 2,'-98..28Y,-o.112r-6.658E-.L
93()% UNIA -5.803L-4dr5.US.JL-t,-1.9UUE-6,2.0561- 8
9r31 R.M "

940 FUR I= tu 4
950 FUH• '1 tu 18

960 RhA3Ji ?t(iA)
970 NIX! A
980 NI->! 1 I
990 DAtA -0.$/,9,- .2..4-1 .b/,-;'.Uo:,,-3.8!2,-s.ohl -c.6su,-h.5-c

6O0(; DAFA -12. 73,-0.28 )3 r-0.6119,-0.9/8'2,-I .Q16-t v/E,, -u. 11 /-3 .284
1010 DAtA -4.343,-6.01,1 .Lb6t',3.v3,:..3^5.'1/./026v.'r.I204.3,.2.,2H.Y8
1020 DhAIA 4b,0.,Y8Y I /9921, j6 Y Is'.J'/6r".915v4.I/Y 11.3'2,16.0U,2:"'f.A. 43
S03M DATA 0.0013/6, -(.00u69, -QI *0//3"-0 " 25- (.
1040 DAtA -14.-2't,-3t,.L6,-u.,039V1 t,-0. 169,0jl1ci .1,33. -2.2.'3,-4.116
.(150) DAI A -/.3t,6p-13.21,-21.3/7,-0.0063I,-0.04 ,U, .1 (,i,,-(0..,-

1,0(6 DAI A -0.5135,-0.4/41-,90.31 ,:,1 ,3.1Ib,12,t .22, .O0i,:j2A'.'j'L.
1090 DAfA 0.145,0.1812,0.484/,1 .I,'.3/6,4.*"Y/i0.61
1 O/7. REM

1080 IFUk Jl'1 uO 2
10Y90 R _A!)1 E (1 AJ) E(2L I1) .E(3 ,J)r L(4.pJ)
1100 NhEXf A
1110 I.AIA 7.1/I,-o.02.,,-u.('1U-:A,.;'/fL-.
1115 VAI A /.1 4,-0. 1 t),7.69 .•0 - ,-6.61t-t.
1120' NI-.14'
1 121 I-HNtN UoUIPIJi jS: DNtIItSS' , ) UI4f 11i, 5)), i OF 'IE
122 INFI-'JI

1123•6•1 PU ImUS(YStUI.) 1I t1"4,1i2brJI28,1130
1 ,.4 ii-- *LICLASSIFI 1EI)"112., 80 UO 113? •

1 12o 1 -- CO!NE- J litNt i iAL
I112/ 60 U 113/
112 II *5• CEkL~fa I

1129 60 WL 1131
1130 15r (- SLL$F-I "
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1131 00 1U 1132
1132 PRIM( aSORRY!?
1133 PRINI * HIS ",ERMINAI. Il NO! (;Lt.el.L' FOR ,'$CS I
1134 PRINt 'NEIIHER ARV Y.U'!!"
113t) PRIM[ 'I>LLASL IRY ,AULAIN,"

1136 U( PU 1121
113/ PRINM "iNIER CULItWURD)) (JR CIIHRK .AVA 'i
1138 INPUP W$
1139 Hrn
1140 PRINI LDISPLAY UP[PUI Al (SCRFLH:I+3t 4 PRIPKFRNl) a;

1150 1NPIJI A
1160 IF Ar"32 iHP.N 1200
11/0 IV A=1l tHEN 12A,
1190 PRINI *NU SU(H ULVII&:i.
1190 GLi 10 1140
1200 Y-20

1210 GO IU 1280
1220 Y=50
1230 PRINP *S-LUI (HIS MALHINE 014 R••IN•FK SWi1'

1240 -RIMN 'PRINl:.R LIN . SWIItCH - (114
1 2b0 PRINI "AIJUSf P"KINILK IU (UP• UV I-ALAF.
1260 PRINI *I YPR. 4CI;R." WHEN *EAP1Y"

12'0 INPU LIS
1221 RV.M
1280 PRINI * IU YOU WANlI A I .PC IJU IPLI' ,'
12Y9 INPUl CS
1300 IF .NHIEN 1390
1310 IF LC$-Y' tHEN 13401320 PRiNt *ANSWER MUGt EF YF&'Y) IIR UCH(N)
1330 uu iu 28!0
1340 1'71-1
1350 PRINI 'FIRCf Ffl! ,UMER H "-4, ';

1360 INPUt Fl
1370 IF F1<t, I HE 21450

1380 UL)JU2 4.,6A0
1390 L1Y-1
140u LVhC
1410 PAGE
1411 REM
1420 V'RI (PP UI, PLN'JWI,"ENt),PY, " *;

1440 INPUt CS
S1440 11-PUS(t06$,1C6S,1 )
1450 IF J"-'0 tHEN 4840
1460 1,1=11+1
1461 REM
14/0 FPINI ' I(U P 1Sf (IIFIW)l.II--(0 fl!0Rt4I_-1 )
* 41:0 IMPLII UCS
14Y90 IF CSY0' tHE.N J163,0
1500 IF CL$-"N' tHEN 1640
1510 IU tU 14/0
1520 1'--0

1530 0U 10 1550
1540 1"-"1e-
1541 Rl- OP
1550 F'K I N 1 6SIGL N f ' P U 8L F._ I HP-Ut I •
1560 Imputl L's
1510 15--1

• 1 50-0 Y3=0

S15Y0 IF L$-'Y" HU N 1630
1600 IF I$'lFN 3 IHItN 1640
"1610 'KINI 'ANb , K" MULf YaK r) OlK ff) ( 14 )
162Q uu 10 1550(
1630 ) 4=-1
1635 I•Ik-.M LUUP U14

'•1640 FOV• : J l i U 10
+ 16',Q IV l•jI ()F j3 lHFN •2/U1

48



1660 E;U 10 1 OF 6,60,/(,/o,102;
1661 KhtN

'a1670 PRIXN I NUME)k~ NW OFHI K'Si
168C) (i fu. v200
1681 RE~M
16YO P It! XI* NUNIPER OF PV'S
1700 Euo fu 2'1100

* 1710 PKI1NI *NUDHEIK (J YlELPO.! '

1730; :F:MU.A OP 14ORl HI I'ý

1710 15-0

1/1/ (0 SU fU29ý0

11121 REM
1fSJ0 P'RXNI *UIJ-' IN YNCRLMýNIS

180 FV1=N' [HE-N 2190
180IF C-*Y* HENi9 JSS()tE'JN

18130 PKNI'ASWRMUS 1NN+o) pvuN
1880 GO f 1 8j

1900 INPUt c1,C21 1X3
1910 IF C2-CIMo tME-N ly910

*1920 PKI1NI 'LEP(MAiX) MUS.I VL 'V'FP(11IE

19UIF LUU2*-Cl HN 9I
1 Yt0 PHXNf 'SIEP MUtiE IlkuM(~LMH

-, 1960 1,U 10 10VO'
1V,'0 IF E'1=>0 AN), L2:-0 AN)) u; 3 ,Qý IHE.o 2000o
1980 PRINI IN1E1) CtllW 1990 (30 lU 18y0
2000 J2=(C2-C1)/C3+1
20 20 IF U- OANtI J2ýý>1 tHF.1 2100
_2030 PKINI 'TUU HAVE CLPUU~ *IS'

-'a 2040 PI-'~NI '110 YOU WANE IHAI tIANY (Y/N)?"
''A ~~2030 INPUf C$ H12('

/ 060 I)- LS'-Y'HIN20
2010 IF C$ý'N' EHFN ItEY'L'
2080 Go. 1U 20,;0

108t; REMN LOOP U1N JI
21V0 F-UR Jl1l1 U J?'
2110 E'(4'Jl)ý'C1+(J1-1)tC.3
2 1 20 NFXf J1

21310 N I-J
2140 630 E U 2:!Ng 141 REM NIIE V ol2150 PRiNt I M* ) uIIAI
2160 130 W 2:200

2110 N (6) N(3)
2180 60 U :-':'Y90
2181 RV M

22'0 FPRIt*t! J!1IWEE- ~I'Ul I F! 1 I

49

1kA. * A.r- - ''*-*-W~ .. .*



S230 Uf toU I UF J6;or]/69'j , ,2 vo!tI o.21.
-231 HR-M
223s K . . LOOP UN J9
2240 C UR J9Y'1 IU 4
22530 N(JV)-1
2260' X I JO
2265 RKN ENI) OF J9
21/0 N(.1)73
2280 If- 1=11 fH..N !840
22Y9 K-M LO..UP ON 2
22Y0 IFUR J1 fU N(1)
2300 1(i l I OF 1(',2U,''J,2610,261U,2bU
2301 of!4
2310 P-KINf "V IK ( J;

2320 ,NS'U! j's
23j0 2•"SEL(p$,LEN(8$)-, 1)
23b0 I-•PUS(LSr/$,I)

2360 iF P IHtI' 2,390
23/0 P'NINI "f PE MUSI 01 1 M,1If Lý, p U'i" Kv I YUU Xtl1'
23F(i L,0 10 .310

2390 X$-SLU (B rI1,LF.1- (13)-2)
2400 V (J)-VAL ( X%)
2410 "fV P6, UK PI--12 ANtI 0(J) ,/ OR (W.:11 ANI)t 'J),-3.)) iHFH N '4:0
242(' liF P-'11 ANIt U(J)>(I AM)'I (J). -4 IHFI .4/v
2430 PKINI *VN 15 UUt tLw KnNU4E O !LI FI0.-E.I
2440 630 IL 2310
24t0 iF PV1:2 IHt.N 424)
2460 I'" t,
24/0 S(J)=0. I P
248(0 I(J) 4-F
2490 IF V"=11 IHFN 2550
ý2,O00 IFk P 6 IHF.N -I520

5s ( K ( J )VA'I. ( C )
2540 150 U 2830
2550 K(J)=o
"2560 GO 0t0 2830
2561 K FH
"" 25 o PKI N& I ,p ;J;*) :
2°'A,0 (i• U (U 26/0
2581 KR.H
'25V0 PHlNI *YII-LI)-K W( ;J;')= "

2600 (•Ui ro 26?0
2610 IF U2<>0 IHF.N 211iU
2611 RFEM

2620 PKINI *CE --F I( ;J;) - ;

2630 Lu ru 26/0
2631 I-. P
2640 F'IN I IUr If RAII I)'-; If ;J;
265i0 (W fU 26//0
26tl kf.tf
2660 PHIN I 'WS (';J;')- *

26/1 hN-M

261ý' INPUI V( I.,J)
26/6 k KM
2680 1 F I-<,2 OR (i1(IvJ)'U.9"Y N ANII l(,.I) Qu2) IH 14 2/1 c
ý1T'. tI- NI "'EI. MUS I " .YYY AN1. "v2
1700 Gu(U 2O U/Q

?''2• "F 1:>3 ON llt(lpJ)O 0 HMEN .,/40

2;/ 0 F.Rl I'L l;L"-; 0 U ( P: '-Y

27s t, KF H
ý.'740 IF J -. 4 OR U(IvJ)" 0 IMIN 2)11(-

50

. . . . . . . ..%~' -.



27.70 I F I .- t OR LItl,J)-: t HL1 .8VO

2,7T ( FPK]IN I " I G F KAIIJUS MU•! VE "-Q'0

27V0 IJU 1U 2640

2H•OO IF ],-: 6 UN (11(. , J) ý I ANO D ((IJ)" (Q,..) I Ht'' 14 ;• 28-'

;?H10 Pi-R Nl "WUN flUSI Vl.I 1 . UIL, ANI., .: _-"
;2820 (;U FUO 2660 =
28&]0 NkX ( J "

283tp ON- F'1 E N. I OF J ,

:2840i Hu fX, I

-2841, kF.H ENIt OF I

28-d',0 IF It; tHP(4 28,70
"OS6Q N(4)=1 .

.'.861, RE-M

2880' I"NPU !j 6"'
2890 IRK EI' 1"I I FAL;-_"

ý_Yo0 IF 16:0 ON 1i,. 6-1 ON t,:'(HFEN 30o()

- '

27910 FI4NI "H MUI I -

"29"260 U(J IU 2820

2930 KF.H "
2940 KF.1 kbI OF" H'UI , )-O tIt-u ..

:I7To KFM

2V10 KFIIl 11 AK CUIt 1 K<fAIILI.0
2980 RF _M I.fK ~'F I 104

2OOO N( / ) 2-66

30 10 IF 16ý .1' lHF 3030 -
3020 N( )-"

3 02) t.,kFh LOU'OP U1 / ,

3030 FUN J/=I 10 N(./)
3040 HL;zo
30t;4 IF 16-V UR I 16"2 Whi J/-l1 IFrN 5Ul'

3060 HO 1 .
.506,b F'M LUUW " D14 J1
3OU0 FUN J4) l -U N(1)
3280 14- 1
2100 IF F (J0 6 IHE.N 3Ni20

3110 14 -2
S11 tK KI-HN LOUP (IN .1,'
2120 F[I J21=1 I U f" (2 )

3 1 2 t Kf.m LOUUI' UN JJ,
9130 FUN J3-1 WL * N(3)

3140 IF 1i:'H (HFN 5300

3 1!,v Y 3--t 3t( J 3 1 m( /3•
231 0 1 F I/ J I II1 f HF PI*I 3 t;I I .

318:90 UUUeI 4bI 031y00 U iU 3500

3:00 I-6V (JI )

"3210 VI)=V(11

S.3:,,,0, iF HO'v IHFH ,321]i
S•32,U 1=-1+4 '

3."4ll HOzH(U )*Y3 "" K3' .K r LUuL-' U"I .I
0.30D I-Uk J-1 I(U 4N(

3260 IF ]6-0 UK ',6-2J(i.,J) IH'>1 .H.ý 0

. ýz/ A) H.X1 .J

30-1 /b HK F.M fill Ili

i .]ALIYO S(J1 )=LI(.L, Jf44,

.S06 Em L OOP 1,"! J

1 J(51

,,.i ,. . -.-,, , , . .,. . .. .. ,,, .., . . ., . .: .: ... . .. . . -, -. .- -• •. . _ • _ . .., -. .. . . .
l' ', , ' .,. • , ," .. . - • .1 ,,- •~ t UN• .. ' .J " . " - .3., - ". . . " "- - . . . . . .



3300 FUk J4--1 U N(4)
3310 (/=0.4
3320 IF 12=0 fHVN 3340
3330 C.,31
3340 IF 15 fHf.N 3,360

33t0 J4=J3
335, RE.M LOUP 014 Jj

3360 FUR J."=i fW N(5)
3370 IF I1<>2 |HKN 3410
3380 OUUUUO 

4 bfJ1
33Y0 LDI=P*D(6,J3)
3400 GU I U 386U
3410 F-4 (2,J2)
3420 2ý=LUU(-LU6(V))
34-30 1 W-I0*U(JI)

3440 P(82-U(1,113))/O(2,18)
34.50 (S (3u18)/UU(2t8)

3460 K2-U(4,XU)/.(2,k8)
34/0 =L;(S. )/'u'2, 8)
3480 (4=b(6i1:)/U(2v1H)
3490 Ul=O
3500 U2-R( H)
3510 U3=(U14U2)/2
35210 Pi=U3* '(1+U-5* (K1+U3* (K,+U-'* K.+U k*14)))

3530 IF AHF"-P8)<=I.0I-3 #HktN 3JW,-
*3540 IF P/-P18;0 (HFN 35/0

3550 U1=U3
3560 (U W 3510
35/0 U2=U3
3580U UU lU 3510
35Y90 IF" 1i3 (HhN 36/0
3610 II(q,!)(W/UJ)"2-/*i(5,J5)2
3620 IF D(4ol)>0 fHE.N 36W0
3650O 1)(4,pJ )=--,-I

3640 W(! (U 3660
3650 L(4,1)=SUR(L(4,1)

3660 UU TU .4860
j680 W1 =S[ (UR(1,4peJ4 )"2"4 V(5p.; , ... 2*L/) U3
36YO M 1'---
37U0 M:.1= 10

371U YJY=M_

3720 UUAtIl 4360
3730 IF" I,>Wl IHKN 3//0
3740 M1 - M2
3870 U(.12)M,2
.1760 60 TO 3;,10

3780 (ULU)U 4360
3960 !F W(,C W fHkMN 3H2
3800 Il=YI3
.5810 U, U fU 38AU

382/ ftlNIY1
383u I F A 4S W-W1I )/1WI"-.1 - , 1 K iHEN1 3,7/0

384/ 1 (SkI1 Y3-'3
3879 1UOUUL N 451( ¶
.386U RKMH
3820 IF Ll' >O IHFN .4Y,;0
387bPIXI
.39/6 L•'2L 2 ý'1
387Y I'F" tl (, fH!.N 3H8UL

3880 LI=0
199:! PRINI LI

e:3RR8K'" 1A UR•N( 4 I ,,.

J.90 I-'KiNI &A: USINLU 430 fit,$F,L2

52

% - A



,Q,

i'
3910 PKINI VA:" VN I K AVN YYILD(KI ) CEP(F f) IWAv(FI)*;
3920 'RINI VA:' HULOB(F) I WRK I IF X I-PA "- ,I-
,9,', PF INf VA:394Z REN WHAT;'s [ISZT!-!-- :... ' IF (,3 )10"IliN 4130

3Y50 Z$=5%9IU(L$, I (J ) ,1 1

3960 P(INI VA: LI'!ING 440:v(.I) ,K(J1),Y1,0(3,J3),0(4,J1),D(,,jI)
39Y0 PRIXNI VA: USIN1U 4t50:HWtf',D(6,.)3),rV1
3990 L.1--L1+1
4000 IF 17-0 IH.N 42•50
4010 IFl I'(,.11110 IHF-.N 405:0
4020 IF r(J1)=1o IHkN 40?0

4 0.50 lI:.-I(Jl)
4040 U$0 1"U 4iU0

4050 (UTO
4060 UOi TO 4100

N 40?0 )Y=I

%40EU0 (,. =- (1) I/ fh J /JO 10
4070 m4u rTO 4110
4100 O 1L )((1 1I/0K 3 110 *(•

411 (J(2 L3)=V(J J3)
4120 U(Z,L3)1II14,J4)
4130 0(tjrLJ) =1(toJ )

4141 U(/,LJ)=D(6,J3)
4132 U(U,LJ)=Dl
4140 0(4,L3)=0
41b0 IF HO:0 IIH*N 4170
4160 0(4,L3)=l
4170 O(6,L3)-l00O+P
4180 LJ=L3 1
41Y0 IF LJ<.-1 THF:.N 42.0
4200 RFfI STORE VAPt
4201 LJ-1

4202 UU "IU 4250
4210 tfUP
"4220 I"FI+1
4 42J0 U(0SUb 4/60
"4240 L.31
42tJ0 IF L1"Y 'H•N 4290
42/0 LI=0
4280 NI-XI J.t
4290 NEXr -4
4300 NI.XI J3
4310 NIkXI J2
4320 NF.Xl J1

"" 4340 NFXI J/
"4341 PRINI

n•-•4342 PR.IN
"43J43 PRNI 'LD YOU HAVL MOURV ifdUJIS (Y/N) ?

.,4344 J'NFUI Cl

,•434!ý IF" C$t"Yl rHt-N 1,5yu

4346 00 fO 4840
4348 RlEM

4360 REFM 5UvKUUIOINF. (U CLUIF'LlIL WkA$-'UN 101.1U5
4361 Y4-1/YJ

4 .13l0 VI=-'(JI)
"1380 IF K(J1)'-Q #HF.H 4410

.4, 4390 J--*14-'/+K(.J1)
4400 VI=V(J1)4P(1,J)+Y4*U(2(?,.))fI'4*(k'(3,J)+Y'r4 k(4,J)))
'A410 J, 14
4420 I• H0(,Q IHEN 4440

i 4430 JJ+:2
4440 W "(/PJ)
4450 VUk 1-6 ILI 1 fEF' I
4460 W!,ddVl-+F (IvJ)

4410 Nf-.XI I
4480 W-aY6J.*kX" (W/)

53

4.;..



44Y- W ;W1 (r 14 S (1--j -(J I

4500 RIF.IURN

4505 RK-M

4510 KEM SUBRUCI)IINEIU lU LOMUII" Ol,'IIIIUM HUB

4t,11 IF HO:zO IHEN 4t)CI

4520 IF )4ý1 UK V1m.-->15 MEN 4!,bu

4,iSO HQ-1661*LXP•(-Q.QbJ3t;*V] )

4540 GO| FU 4b60
4550

h-560 HOýY-3$10

4570 WI-"IUhN

45ý5 Rh.M

45ý6 K!'.Jl SUJ<KUUI IN IUi
4'B8 IF" D(4,J4) fH'N 4610

0-1 45YO Pý I
4600 KFIUNN
4610 PI1 =/SUW/ I S K(D(4 J)"-42U1(+,I JPI)" ' t

4620 IF 41 UK ANV I lH.R HE 4bj,
46130 IF016 , ANI6 R. 3,.j .I' 46 V
4640 tF .AN), 114.t, IHUN Cj90

46b0 IF S(Jl)=£'.4 ANIJ R11-6 IHE-. 4Z)Y(.
4660 0IF A(Jl)-.14)+ AND) K(.1•4 .HE) 4.,90

46/0 IF kl';0.l (HI-N 4/O0
4 680 PO-'U
4650 HI"fUH

4700 18 -lo*S(JI)

4/20 'Y~ I•• (1, r18) +kI *(U (21, tI ) I'KlIIIL'(3 18) +KI (Li(4, 18 ,"") 41- )

4/.10 F'•LYF'(-IEXr(y))
4750 HEMURN

475to K~kt
4756 RF M SU'IKUUIifNE IU SIU UJPUl ON IAF'

i'4/60 FORI• J:--1 ILI t5U

•, 4770 FUN .r..1 10 6
,. 4780 U(I, J4) 0( 4

4. 4750 NXLi

4800 Nt.XI J

4610 tkK/ I U44J

48 1, tp -*m
4816 R-.I SJlU02 t .1UUIJW iU

4820 FISI, AW]

483O IKt. •UK1
4840 iF L-=S(I. IHF.N 4 i44

484166O H JL AN. f1N 484/

4842' FUN: iý:L1 IU Y
4843 F'Ri<iH RA:

4814 F.X XI I

484ti F'KlN I LA: US1N( 4,51:lll$,Wý
4U,16 VI-HNI LJA:6L"
484/ IF U1K-.1 t - H- 44060

A4U60 I.O IUE 1,A
4860 IN-1"*( IHJ.l 4U:),,

4870 1-LN1 $F'(U(.kAtl IS U -hI*U >H(6 L)

48/O END

54

HE(R

-* . 4751* • °o HE- M . . % " . ... . ° , ° ° . . . . . . - .. % -
_....,•,, •'•• 4756.,. HEM . . ., ,U-RUIC (U . tU. . U.. . . . () lACE. . ..



Appendix D

SAMPLE ALLOCATION PROCEDURE -.

(PROVIDED BY SAGA)

ALLOCATION PROCEDURE

1. Computations

a. Installations within the target data base fall into one of two
categories of DE goals. Installation Damage Expectancy (IDE) implies
that each installation must be damaged to the required level. Mean
InstalTa-tion Damage Expectancy (HIDE) implies that installation set
must be damaged to the required level. When there is a MIDE goa-,
the DE on some installations within the set may be greater than the
goal while other installations may be damaged less than the goal and -
some may not be damaged at all.

b. Damage Expectancy (DE) is the product of the Probability of Destruc-
tion (PD) and the Probability of Arrival (PA). DE = PD x PA

c. The DE on an installation attacked by two weapons each with a
damage expectancy of DE1 and DE, is called compound damaqe expectancy
and is expressed CDE :I-(I-DEI) x (I-DE2)

d. For sets of targets with an IDE goal the above relationship holds for each
installation. Therefore, if it required "w" weapons of a given type to achieve
the DE required on a single installation within the set, the total number of
weapons that would be required to attack the set is (Nr of installations) x (w).
Note that "w" must be an integer.

e. For sets with an MIDE goal, the following criteria are used:

(1) When the weapon DE against an installation within the set
is greater than the HIDE goal the following relationship holds:

(HIDE Goal) x (Nr of Installations) = (Nr of Wpns) x (Wpn DE)

Therefore, Nr of Wpns = (HIDE Goal) x (Nr of Instal)

Wpn DE

For example, suppose the DE goal on a set of 100 installations is

0.5 and the weapon DE = 0.8. The number of weapons required is

n (0.5) x (100) 62.5 63 weapons
0.8

(2) When the weapoc DE against an installation is less than the
HIDE goal the following relationship holds:

VHIDE Goal = 1 - (l-DEf)P x (0 - DE2 )q

where "p" and "q" are the numbers of weapons #1 and #2 applied,
respectively against a single installation. Note that "p" and
"q' do not need to be integers.
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(a) Assuming one weapon #1 was applied against each installa-
tion in the set, the number "q" is the number of #2 weapons
that need to be applied per installation. Solving for q,

MICE Goal = 1 - (I - DE1 )I x (I - DE2)q

(1 - DEO) x ( - DE2 )q =1-MICE Goal

(I - DE2 )q = 1 - (MICE Goal)
•. I -DEl

I - MIE oa

q lOg (1 - DE2 ) log 1 - MIDE Goal
1 - DE1

1 - MICE Goal
q= log 1 E

1 - DE,
q=

log (1 - DE2 )

The number of #2 weapons that must be allocated against the

set, N, is

N = (q) x (Nr of installations)

(b) If only one type of weapon is used,

MIDE Goal I - (I - DE)n

n= log (1 - MIDE Goal)

log (I-DE)

(c) If an equal number of two different weapons are to be used

MICE Goal x 1 - (1 - DE,)n (I DE2 )n

and

log 1 - MIDE Goal
n

log (0 - DEI) (1 - DE2 )

N - (n) x (Nr of instal lations)

(3) The process described in paragraph (2) above will yield a
number slightly less t:•an the actual requirement.
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(a) For example, suppose the MIDE goal on a set of 1000 installa-
tions is 0.7 and the weapon being used has a DE of .48. Using
the formula from para (2(b):

n a log (I - .7) 1.841
log (I - .48)

N z (1.841) (1000) = 1841 weapons allocated against the set

Therefore, 841 Inspallations are targeted with two weapons with
DE = 1 - (I - .48) =.73, and 195 Installations are targeted with
one weapon with DE = .48.

841 x .73 = 613.9

159 x .48 = 76.3

690.2

The MIDE is .69 which is less than the goal of 0.7.

(b) A linear correction can be applied in the following manner.
Let x be the additional number of installations to receive a
second weapon

(841 + x) (.73) ý (159 - x) (.48) = 700

690.25 + .25x z 700

x = 39 additional Installations

Therefore, 1880 weapols must be allocated. The MIDE achieved is:

880 x .73 = 642.4

120 x .48 = 57.6

700. i5 MIDE x .70

(c) During the allocations in this study, the linear correction
was not computed. Instead, the individual performing the alloca-
tion was satisfied to achieve a DE within one percent of the goal.

c. Suppose that the PD against the majority of the installation in
the target base was very close to 1.0. The DE achieved would be driven
down by PA only. The impact of this is that the planner who established
the DE goal may have envisioned severe damage to 704 of the target (for
an area target) as the goal, not a 70% chance of a weapon arriving.
If more than ohe weapon is targeted against an installation the prob-
ability of at least one weapon arriving is
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at least onearriving TT 7 " { PA i).,

where PAi is the probability the ith weapon will arrive.

2. Allocation Process.

a. The process by which weapons were allocated against the target
base was the same in the generated and day-to-day cases with one
exception. In the day-to-day case, when the DE goal was a goal against
a set of installations (MIDE), weapons were allocated until the goal
was reached even if all installations were not planned to be struck.
In the generated case all installations were assigned weapons even if
DE goals were exceeded.

b. In general, weapons were first allocated to achieve high confidence
DE goals against the entire target base. If the high goal requirements
could not be achieved the weapons were reallocated to achieve the
moderate confidence DE goals. Jf the moderate goals could not be
achieved, one weapon was assigned to each installation; and the DE
was computed.

c. Time-urgent installations were allocated a missile warhead. ICBMs
were struck using ICBM weapons. However, when the DE for an ICBM
weapon against a silo was less than the DE for an SLBM weapon, the
SLBM weapon was chosen.

d. Weapons were allocated against target objectives in a sequential
order. Within each target objective, target classes identified as
requiring time-urgent weapons were assigned a weapon first. Within
the time-urgent and non-time-urgent categories, weapons were assigned
first to sets of installations in which each installation was required
to be damaged to the required level (IDE target classes) then to the
sets in which the set was required to be damaged (MIDE target classes).

e. For each target class the DE associated with each available weapon
system was computed. The weapon used was the one which most closely
satisfied the DE requirement. However, if the DE of a weapon was more
than 10 percent below the DE goal (e.g., weapon DE .45 against a DE
goal of .50), the weapon was not used unless it was the most effective
weapon remaining in the arsenal. Time-urgent targets were allocated
missile weapons even if other weapon DE's were closer to the goal.
f. Generally, if the DE achieved was within 10 percent of the goal
(e.g., above .45 against a .50 goal) the goal was considered to be met. '%
There were a few exceptions. For example, if the IDE goal was .90 and
the only weapons available h'd a D' of .80, one weapon was allocated
instead of allocating a second weapon that would achieve a compound
DE of .96.
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g. Weapons were allocated against one target objective at a time
using the above procedure. Each target class within the target
objective was assigned weapons even if goals were not met. Before

proceeding to the next target objective a second weapon was assigned to
thost target classes for which goals had not been reached. After all
installations within the entire target set had been assigned weapons,
a third weapon was assigned to installations where the DE goal had not
been achieved.

h. Since the allocation was by target objective, time-urgent targets
in some target objectives were assigned weapons after non-time urgent
targets in high priority target objectives. lherefore, the individual
performing the allocation "saved" missile weapons for those time urgent
installations as he proceeded through the allocation process.
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